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Abstract
The Klakk Fault Complex is situated on the mid-Norwegian continental mar-
gin separating the Halten Terrace from the Rås Basin at the inner part of the
Vøring Basin. Most of the existing interpretations of the Klakk Fault Complex
suggest a N-S trend, and the faults are the result of the late Middle Jurasic -
earliset Cretaceous and Aptian-Albian rifting events reactivating the N-S trend-
ing Permian-Triassic extensional structures. Some previous works suggested that
the Klakk Fault Complex from north to south display relative uniform struc-
tural pattern with signiﬁcant displacement which was predominately resulting in
the downthrown-side Rås Basin along the fault plane, and they noted that N-S-
trending Klakk Fault Complex with the NE-SW lineament on the Halten Terrace
led to the rhomboidal geometry of the Halten Terrace. We realized that most
of the structures on the mid-Norwegian margin are deﬁned at the base Creta-
ceous level. We interpreted the Base Cretaceous Unconformity as the transition
to the post-rift, and the reﬁned time-structure map of Base Cretaceous Uncon-
formity demonstrates that the Klakk Fault Complex actually comprises of two
main strikes (NW-SE and NE-SW). These two trends deﬁning a characteristic
pattern within the Klakk Fault Complex and adjacent area on both its western
and eastern sides, reﬂect structural inheritance related to Devonian extension and
the post–Devonian fault activities. Moreover, the reactivation of the Klakk Fault
Complex during the regional extensional event in Aptian-Albian is not widely
manifested in the study area, except the northern part.
Keywords: 2D seismic, mid-Norwegian continental margin, Klakk Fault Com-
plex, structural analysis.
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Chapter 1
Introduction
The mid-Norwegian continental margin (62°N - 69°300N, Blystad et al. (1995)) is a
passive margin comprising three main segments (Møre Basin, Vøring Basin and Lofoten-
Vesterålen) separated by the Jan Mayen Fracture Zone and Bivrost Lineament/Transfer
Zone (Faleide et al., 2008). The main structural elements (Figure 1.1), as deﬁned at
the base Cretaceous level, are the Trøndelag Platform, underlying the inner shelf, the
Vøring Basin, located beneath the outer shelf. The Halten Terrace and Rås Basin are one
part of the Vøring Basin, which are the two most primary structural elements separated
by the N-S striking Klakk Fault Complex (Blystad et al., 1995) in this study. The
Halten Terrace, as the central part of the mid-Norwegian margin, has originated from
multiple Mesozoic and earliest Cenozoic rifting episodes (Tsikalas et al., 2012). The
last extension episode preceded and terminated with the opening of the northern part
of the North Atlantic ocean during earliest Eocene (Skogseid et al., 1992; Van Balen
and Skar, 2000). The Halten Terrace became a separate structural element from the
Trøndelag Platform mainly during the extensive late Jurassic-early Cretaceous rifting
episode (Skogseid et al., 1992; Blystad et al., 1995; Van Balen and Skar, 2000). The Rås
Basin is the result of down-to-the-basin faulting along the Klakk Fault Complex (Blystad
et al., 1995), which is covered by more than 10 km thick Cretaceous sediments in the
deepest depocenter. The Klakk Fault Complex comprises deep-seated faults striking N-S
according to the previous work, e.g., Blystad et al. (1995), and is the main bounding
between the terrace area and the Rås Basin in the southeastern Vøring Basin. The
fault complex has signiﬁcant displacements and plays an important role on the Halten
Terrace.
The mid-Norwegian continental margin (Figure 1.1) has experienced a long history of the
intermittent extension and basin formation, from post-Caledonian orogenic backsliding
and collapse in Devonian times (Doré et al., 1999; Roberts et al., 1999; Tsikalas et al.,
2012) to post-early Eocene passive margin development dominated by the widening and
1
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Figure 1.1: Regional setting (bathymetry/topography) of
the mid-Norwegian continental shelf and its adjacent area.
The study area is marked as the red lasso area. VP=Vøring
Plateau, EB=Eurasia Basin. Modiﬁed after Faleide et al.
(2010).
deepening of the NE Atlantic
(Eldholm et al., 2002; Hopper
et al., 2003; Tsikalas et al.,
2012).
Integrated geophysical and ge-
ological studies (e.g., Blystad
et al., 1995; Doré et al., 1997b;
Brekke, 2000; Færseth and Lien,
2002) have revealed diﬀerent
structural patterns and strikes
of the Klakk Fault Complex.
The main purpose of this study
is to focus on the Klakk
Fault Complex and its immedi-
ate vicinity, understanding the
fault strike, geometry, pattern
and displacements. In addition,
it is necessary to understand
how the Klakk Fault Com-
plex has worked and aﬀected
the neighboring structural el-
ements, what is the mecha-
nisms responsible for the struc-
tural geometry observed in the
study area, how the basement
lineaments have inﬂuenced the
Klakk Fault Complex and the
adjoining structures, and what
is the relationship between the
Base Cretaceous Unconformity
and the Klakk Fault Complex
illustrating the transition from
the Halten Terrace to the deep
Rås Basin.
2
Chapter 2
Geological Setting
The mid-Norwegian continental margin between 62°N and 69°300N (Blystad et al., 1995)
is described as a passive volcanic margin, which has experienced a long history of rifting
from Devonian to Early Eocene. The rifting phases took place after the Caledonian
orogeny, and end by the time continental break-up (Brekke, 2000; Faleide et al., 2008).
During the rifting period, the mid-Norwegian continental margin formed a series of basins
and related extensional structures during the late Middle Jurassic - earliest Cretaceous,
and initiated the formation of strata related to rifting and subsidence.
The structural elements map in the mid-Norwegian margin (Figure 2.1) demonstrates
that the main geological subdivision of the area is the basin area, platform area and the
areas west of the escarpment (Bøen et al., 1984). According to Faleide et al. (2008), three
segments are dominated in the oﬀshore mid-Norway, which are the Møre Basin, Vøring
Basin and Lofoten-Vesterålen. Two dominated NE-SW trending basins (the Møre and
Vøring Basins) with a thick Cretaceous ﬁll in central area constitute an overall tectonic
framework in the mid-Norwegian continental margin. The basins are ﬂanked by the
uplifted mainland and the Cretaceous Trøndelag Platform on the east side, and by the
Møre and Vøring Marginal Highs covered by Eocene lavas on the west side (Brekke, 2000).
The Møre and Vøring Marginal Highs are cut by the NW-SE Jan Mayen Lineament and
Bivrost Lineament.
In Figure 2.1, the blue polygon covering main part of the Halten Terrace and the Rås
Basin is the study area in this master thesis. The structural elements involved in the
study area are (from east to west, from south to north in order): northern part of the
Frøya High, west margin of the Trøndelag Platform, Vingleia Fault Complex, Bremstein
Fault Complex, Halten Terrace, Sklinna Ridge, Klakk Fault Complex, Rås Basin, Grip
High, Helland-Hansen Arch, Slettringen Ridge and Fles Fault Complex.
3
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Three cross-section (A-A’, B-B’ and C-C’) in the study area cut through the Klakk Fault
Complex. An overall cross-sectional geometry of the study area and the mid-Norwegian
continental shelf is illustrated by Figure 2.4, Figure 2.5 and Figure 2.6.
2.1 Pre-breakup Tectonic Setting and Evolution
The earliest rift phase took place at the Norwegian Margin after the Caledonian orogeny
in the Devonian, subsequently followed by the Permian-Triassic rifting in an intracon-
tinental setting deposited primarily by terrestrial and ﬂuvial clastics. During Jurassic,
further rifting led to depositional environment changing of shallow marine, mainly clastic
deposits in the Proto-Atlantic sag basin. The rifting phase occurred in the late Middle
Jurassic - Early Cretaceous is considered to be of most importance in the previous stud-
ies, which result in a Cretaceous sedimentary strata of more than 10 km deposited in
the deep Vøring and Møre Basins (Skogseid and Eldholm, 1989; Skogseid et al., 1992;
Blystad et al., 1995; Tsikalas et al., 2002; Gernigon et al., 2006). During the Cretaceous
time, some small extensional events were recorded in Aptian/Albian time (Blystad et al.,
1995; Tsikalas et al., 2005, 2012). The last pre-break up rifting phase took place in the
Cretaceous/earliest Tertiary, and then followed by continental break-up and sea-ﬂoor
spreading in the Early Eocene (Tsikalas et al., 2002; Gernigon et al., 2006).
Late Palaeozoic - Early Mesozoic
The late Caledonian orogenic extension ended during latest Silurian-Early Devonian and
the post-orogenic phase initiated the formation of a series of large half-graben basins,
which were subsequently ﬁlled with thick successions of mainly intracontinenetal de-
posits (Coward, 1993; Ziegler, 1988b). The rift basins were formed between Norway and
Greenland in the western Barent Sea along the NE-SW Caledonian trend in the main
Late Palaeozoic rift episodes. According to Gabrielsen et al. (1999), the rift system was
recorded as a dominate N-S to NE-SW orientated normal faults with NW-SE striking
transfer faults and tectonic activity was concentrated on the Trøndelag Plat form and
the Halten Terrace. During this time, the rift system was primarily ﬁlled by continental
clastics (Brekke et al., 2001).
From Carboniferous to Triassic, mild extension took place in the early Carboniferous by
continuing subsidence and sedimentation in the central Greenland (Bütler and Sørensen,
1935). The Norwegian shelf was aﬀected by Permian-early Triassic thinning of a crustal
section with variable thickness between 30-35km (Gabrielsen et al., 1999). During this
time, signiﬁcant fault activity was recorded in the Froan Basin and the Vestfjorden Basin.
Large volume of sediments was deposited in the Late Triassic. The Triassic faulting in
the mid Norwegian shelf took place during the early to mid-Triassic (Jongepier et al.,
4
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Figure 2.1: Structural elements in the Norwegian continental shelf. It comprises three segments
which are the Møre Basin, Vøring Basin and Lofoten-Vesterålen. Two dominated NE-SW trend-
ing basins (the Møre and Vøring Basins) with a thick Cretaceous ﬁll in central area. The blue
polygon shows the study area. The structural elements involved in the study area are: northern
part of the Frøya High, west margin of the Trøndelag Platform, Vingleia Fault Complex, Brem-
stein Fault Complex, Halten Terrace, Sklinna Ridge, Klakk Fault Complex, Rås Basin, Grip
High, Helland-Hansen Arch, Slettringen Ridge and Fles Fault Complex. Modiﬁed after Blystad
et al. (1995).
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1997). This destabilization also aﬀected on the platform areas, such as Halten Terrace
(Gabrielsen et al., 1999).
Middle Jurassic - Early Cretaceous
The Middle Jurassic – Early Cretaceous rift phase is of considerable importance due
to the consequence of development of major Cretaceous basins (the Møre and Vøring
Basins) oﬀ mid-Norway and East Greenland. According to Lundin and Doré (1997),
the rifting in NE Atlantic propagated northward through the Rockall Trough, West
Shetland/Faeroe Trough, central Møre Basin and eastern Vøring Basin coevally with
rifting in the Labrador Sea. A shift in extensional stress ﬁeld vector fromW-E to NW-SE
in association with the northward propagation in the Early Cretaceous (Doré et al., 1999).
This orientation change were explained by Bugge et al. (2002) as a continuation of the
Devonian extensional shear zones and detachments, and it is evident by the Cretaceous
structures cutting the conﬁguration of Paleozoic structures and basins (Osmundsen et al.,
2002).
The Møre and Vøring Basins in mid oﬀ-Norway were formed mainly by the rifting in
the Late Jurassic-Early Cretaceous. However, no large-scale extension took place in this
region contemporaneously with rifting to break-up in Labrador Sea. Based on Surlyk
et al. (1981) that coarse clastic submarine fans associated with deep water shales suggest
activity along the major boundary faults in central East Greenland persisting into latest
Early Cretaceous, and contemporaneous activity has been reported along the ﬂanks of
main fault zones in the Møre and Vøring basins (Blystad et al., 1995; Lundin and Doré,
1997). By mid-Cretaceous, most of the structural relief due to the sediments ﬁlls in the
Møre and Vøring basins.
However, the timing of the Jurassic to early Cretaceous tectonic event is still controver-
sial. Rifting in the late Middle Jurassic to Late Jurassic and the earliest Cretaceous is
evident (Blystad et al., 1995; Doré et al., 1999; Brekke, 2000; Faleide et al., 2008), but
no consensus can be reached on how far the Early Cretaceous rifting proceeded.
Late Cretaceous-Early Tertiary
The Late Cretaceous was portrayed of the global sea level rising, of which the maximum
took place between Norway and Greenland where an epicontinental sea exist (Gabrielsen
et al., 1999). Late Cretaceous-Early Tertiary rifting appears to have started in Maas-
trichtian and subsequently came the break-up in Early Eocene(Lundin and Doré, 1997).
The tectonism was characterized by faulting , accelerated basin subsidence and conju-
gate uplifting, bounding platform basinward-tilting. Erosion occurred during this time
on the basin ﬂanks. The rifting resulted in low-angle detachment structures that up-
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dome thick Cretaceous sequences and sole out at medium-to-deep intracrustal levels on
the Vøring and Lofoten-Vestrålen margins. The rift formed a more than 300 km wide
zone associated with lithospheric and post-breakup subsidence (Skogseid, 1994). The
opening of the NE Atlantic aﬀected strongly on Møre Basin that lead to the dramatic
higher subsidence rate (Bøen et al., 1984; Skogseid and Eldholm, 1989; Olafsson et al.,
1992). The Møre Basin was end up by splitting up in the Early Tertiary (Gabrielsen
et al., 1999).
2.2 Stratigraphy
From the cross-sections of the study area (Figure 2.4, Figure 2.5 and Figure 2.6), it
can be observed that the Upper Triassic and Jurassic sediments can only be conﬁdently
mapped on the inner part of the mid-Norwegian continental shelf (on the Halten Terrace
area and the eastern part of the Halten Terrace in the study area (Figure 2.1), where the
Cretaceous subsidence was low to moderate (Bøen et al., 1984). The west margin of the
Halten Terrace is the westernmost area where Jurassic sediments can be found. During
the Cretaceous time, the Halten Terrace has been exposed to erosion and the subsequent
removal of the Jurassic sediments on the western part of the Halten Terrace took place
(Bøen et al., 1984). Before the considerable sediments from the Cretaceous ﬁlling the
basin to the east of the Halten Terrace, the oldest reﬂector that can be mapped contin-
uously in the deep basin, which was interpreted as the Base Cretaceous Unconformity
(BCU). According to Rønnevik et al. (1983), the BCU was proposed to be in the age
of the Mid-Cretaceous. In the deep basin, the Paleozoic and Mesozoic sediments were
deposited under the BCU. The cross-sectional proﬁles also shows that from the south
to north, the thickness of the Jurassic sediments varies, and the maximum thickness
of the Cretaceous post-rift sediments is located in the basin center in vicinity of the
Helland-Hansen Arch.
The deﬁnitions of lithostratigraphic units are based on well data from the Halten Terrace
and the west margin of the Trøndelag Platform by Dalland et al. (1988). Therefore, the
lithostratigraphy (Figure 2.2) was presented by the Halten Terrace area.
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2.3 Structural Elements
The structure elements involved in the study area were refereed in Chapter 2. It is
essential to take consideration of the adjoining structural elements of the Klakk Fault
Comlex for analyzing the mechanism and tectonism of forming the faults, and how the
faults inﬂuenced the geometries of the adjacent structural elements. In this section,
the main structures (Figure 2.3) will be brieﬂy presented. All the nomenclature of
structural elements and the formal deﬁnitions are referenced from Blystad et al. (1995).
The structural elements are listed in alphabetical order.
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2.3.1 Frøya High
The Frøya High is a N-S oriented horst which is ca. 120 km long and 30-40 km wide
(Blystad et al., 1995). It comprises the most part of southwestern Trøndelag Platform,
bounded by the Klakk and Vingleia Fault Complexes from the west and northwest
respectively. To the east, the Frøya High is adjacent to the Froan Basin. Internally, it
constitutes of a basement rock to the south and becomes narrower northwards. According
to (Surlyk et al., 1984) and (Blystad et al., 1995), the Frøya High has been subjected
to a long tectonic history and had similarity to East Greenland which may have been
block faulted during a supposed Early Permian rifting episode.
2.3.2 Halten Terrace
The Halten Terrace (Figure 2.1, Figure 2.3, Figure 2.4, Figure 2.5 and Figure 2.6) is
located between the Trøndelag Platform to the east and the Rås Basin to the west. It is
a huge rhomboidal-shaped fault block (Blystad et al., 1995), bounding by the Bremstein
Fault Complex to the east, the Klakk Fault Complex to the west, the Vingleia Fault
Complex to the southeast and connected to the Dønna Terrace to the north. In the east
and northeast, the Halten Terrace is separated by Bremstein Fault Complex from the
eastern structural element Trøndelag Platform,in the southeast, by the Vingleia Fault
Complex from the Frøya High and in the west by the Klakk Fault Complex from the
Møre and Vøring Basin. It contains several low-ranked structural elements, such as the
Sklinna Ridge (Figure 2.4, Figure 2.5 and Figure 2.6, Chapter 2.3.7), Gimsan Basin
(Figure 2.5), Grinda Graben (Figure 2.6), Kya Fault Zone (Figure 2.5 and Figure 2.6)
and etc (Figure 2.3).
Jurassic strata can be found in all parts of the terrace except the western part of the
Sklinna Ridge where the Jurassic sediments were eroded in Mid-Cretaceous age, and
the older strata is exposure and dip steeply to the east (Blystad et al., 1995). Thin to
middle (ca. 1200 m) strata of the Cretaceous (with about equal thickness of Lower and
Upper Cretaceous) deposited on the terrace.
The Halten Terrace was initiated during the rift event in the late Middle Jurassic-Early
Cretaceous and later developed during the Late Cretaceous faulting associated with the
Bremstein and Vingleia Fault Complexes (Blystad et al., 1995). During the Callovian,
activities took place along the Klakk Fault Complex in the early phase of rifting. While
during the latest rifting phase in the Kimmeridgdian, movements acted along the Brem-
stein Fault Complex. After uplifting and erosion took place, separation from the Trøn-
delag Platform caused by the faulting of the Bremstein and Vingleia Fault Complexes.
In Aptian/Albian age, the Klakk Fault Complex had some weak avtivities again. Final
separation occurred in the Cenomian/Turonian by the eastern bounding faults, which
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separate the terrace from the platform and linked to a tectonic phase in the Vøring
Baisn.
2.3.3 Helland-Hansen Arch
The Tertiary structure Helland-Hansen Arch is elongated in about 280 km long (Blystad
et al., 1995). In the south, the arch is narrow and orientated in N-S, while it becomes
wider northwards and the orientation changed into NE-SW. In the north, the structure
is asymmetrical that is steeper in the northwestern limb and more gentle in the eastern
limb.
2.3.4 Grip High
The Grip High is deﬁned at the base Cretaceous and has an orientation of SSW-NNE
(Blystad et al., 1995). It is an elongated structure bounding with the west-dipping fault
to the west that separates from the Slettringen Ridge. The Grip High was exposure
until buried in Turonian time.
2.3.5 Klakk Fault Complex
The Klakk Fault Complex mainly strikes N-S in more than 10-15 km width and ca. 270
km length. It dips towards west and some of the escarpment zone was eroded along the
western margins of the Sklinna Ridge and Frøya High. Signiﬁcant displacement happened
along the complex, which can reach 2.5 s TWT, separating the Halten Terrace and the
Frøya High in the east from the Rås Basin in the west. It is broader in the northern
part (along the Sklinna Ridge) than in the southern part (along the Frøya High).
2.3.6 Rås Basin
The Rås Basin was identiﬁed at the base of the Cretaceous and by the initial basin inﬁll of
the lower Cretaceous (Blystad et al., 1995). It is separated by the Klakk Fault Complex
from the Halten Terrace to the east. The southern and the northeastern boundaries
of the basin are determined by the Jan Mayen and Surt Lineaments respectively. The
whole basin is portrayed of an arch-shape in the plan view, which trending N-S in the
south and change to NE-SW in the north. The change also caused the basin inﬁll of the
Cretaceous sediments folded, which formed the core of the Hallend-Hansen Arch. The
basin ﬂoor is ca. 6-8 s TWT at the base Cretaceous. In the Cenomanian, the Rås Basin
became one part of the Vøring Basin due to the transgressed ﬂanks.
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2.3.7 Sklinna Ridge
N-S trending Sklinna Ridge (Figure 2.4, Figure 2.5 and Figure 2.6) is along the west-
ernmost margin of the Halten Terrace with an extension of ca. 140 km (Blystad et al.,
1995). The Sklinna Ridge was deeply eroded and the pre-Jurassic strata was exposed
dipping towards east. The top of the ridge is uneven and can be divided into the ﬂat
high and the intervening saddle. The northern part is narrow and the southern part is
broader. The ridge was formed in the Late Jurassic as a ﬂank uplift along the Klakk
Fault Complex, later it might be movement occurred again during Aptian/Albian time
when the Klakk Fault Complex reactivated.
2.3.8 Slettringen Ridge
At a basal Cretaceous unconformity, the Sliettringen Ridge is deﬁned in (Blystad et al.,
1995) as a set of N-S trending. It constitutes a set of same trending, rotated fault blocks
running from the Møre Basin northwards along the Fles Fault Complex. The ridge is
developed below the Helland-Hansen Arch, and it caused by the polarity changing of
the Fles Fault Complex in its southern part from west-dipping to east-dipping (Blystad
et al., 1995). It developed during the late Middle Jurassic-Early Cretaceous when the
rift event proceeded.
2.3.9 Trøndelag Platform
A roughly rhomboidal-shaped Trøndelag Platform is located in oﬀ central Norway as one
of the major structural elements and includes several subdiviary elements, e.g., Nordland
Ridge, Helgeland Basin, Frøya High, Froan Basin, Ylvingen Fault Zone and Vega High.
The Møre-Trøndelag Fault Complex is the southeastern boundary and the Revfallet Fault
Complex is bounding the north and west of the Trøndelag Platform. In its southwestern
corner, it meets the Jan Mayen Lineament and the Møre Basin, from which it is separated
by the Klakk Fault Complex (Blystad et al., 1995). The platform is deﬁned at the base
Cretaceous level which is underlain by a uniform thickness Jurassic overlying deep basin
ﬁlled by Triassic and Upper Palaeozoic sediments.
2.3.10 Vøring Basin
The Vøring Basin is one of the three main geological provinces of the Vøring Margin
that the main structures and structural unites are deﬁned at the base Cretaceous level
(Gabrielsen et al., 1984; Blystad et al., 1995; Skogseid et al., 1992). It is a large sed-
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imentary basin province which is constituted of grabens, basins, and structural highs
(Blystad et al., 1995). Also, Blystad et al. (1995) and Skogseid et al. (1992) depicted the
constituents of the Vøring Basin that, the eastern basin province comprises the Træna
Basin and the Rås Basin, eastern ﬂanked by the Halten Terrace and the Dønna Terrace
neighboring by the the Nordland Ridge and the Fulla Ridge in east and west respectively,
and the western province includes the Vigrid and Någrind Synclines, the Hel and Fenris
Grabens, the Nyk and Utgard Highs and the Gjallar Ridge.
The Vøring Basin was initiated by extension in the late Middle Jurassic-Early Cretaceous,
so that the basin was divided by three separated basins: the Rås Basin and the Træna
Basin to the east and a shallow basin at west of the Fles Fault Complex. In this study,
only eastern part (at east of the Fles Fault Complex) is involved, which includes the
Halten Terrace, the Rås Bains and the Helland-Hansen Arch.
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Figure 2.6: C-C’ cross-section in Figure 2.1. The structural elements are shown on the top of the cross-section. Modiﬁed after Blystad et al. (1995).
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Chapter 3
Seismic Interpretation and Results
3.1 Method
The seismic interpretation of the study area is performed utilizing available 2D seismic
lines and well data in the software Petrel 2013 provided by Schlumberger. The workﬂow
(Figure 3.1) is mainly comprised of interpretation part and the analysis part.
Structural	  analysis	  	  	   General	  structural	  and	  	  stra0graphic	  interpreta0on	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  interpreta0on	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  Workﬂow 
	  
2D	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  and	  well	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• 	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  0e	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1 3 2 
Figure 3.1: Interpretation workﬂow for this master thesis. Stage 1 and 2 belong to the inter-
pretation part, and stage 3 is the analysis part.
The interpretation procedure is divided into two stages - general structural and strati-
graphic interpretation, and detail structural and stratigraphic interpretation. The gen-
eral structural and stratigraphic interpretation is using 2D seismic lines and well data
to interpret horizons and major faults. The detail structural and stratigraphic inter-
pretation is based on the previous work to reﬁne the Base Cretaceous Unconformity,
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generating the time-structure maps and time-thickness maps. Fault polygons of the pre-
dominate fault complexes and zones can be mapped on the time-structure map of the
BCU and selected seismic proﬁles. The third stage is structural analysis which is trying
to identify timing and style of faulting, the interplay of faulting and regional evolution
and the regional implications based on the ﬁrst two stages.
3.2 Data set
The data set (Figure 3.3) comprises regional 2D seismic lines which were acquired by
TGS and Fugro and local well data released by Norwegian Petroleum Directorate (NPD),
Factpages (2015) (factpages.npd.no/factpages/).
3.2.1 Seismic Data
The seismic data include high-quality, time-migrated, 2D seismic reﬂection proﬁles which
have a record length of 0-10 s two-way time (TWT) (some proﬁles only recorded 0-8 s
TWT length) and provide good quality imaging down to the Triassic on the terrace area.
The seismic imaging within the deep basin area, however, degrades with depth, and the
data quality is generally poor along the west ﬂank of terrace in the study area. The
2D seismic lines have E-W, NW-SE and N-S orientations, covering the Halten Terrace,
Sklinna Ridge, Klakk Fault Complex, Rås Basin, Grip High, Helland-Hansen Arch and
Slettringen Ridge (Figure 3.3). The E-W oriented seismic proﬁles are orthogonal to
the roughly N-S strike Klakk Fault Complex and traverse the most structures in the
Halten Terrace. They provide the best coverage from the Halten Terrace to deeper parts
of the Rås Basin. The Klakk Fault Complex is not completely striking N-S and has
several segments dipping towards NW. Therefore, the NW-SE seismic proﬁles are the
most precise representation of the cross-sectional view for examining the NW-dipping
fault segments. The N-S orientated seismic proﬁles will not be presented due to the
orientation generally parallel to the faults strike, but only are utilized for seismic ties
and stratigraphic calibration.
The criterion of the seismic quality was demonstrated in Figure 3.2. Term seismic
reﬂection or reﬂection referring to Chapter 3.3 are speciﬁed here. A seismic reﬂection of
elastic wave at boundaries between diﬀerent rock formations changes polarity due to the
acoustic impedance changes in diﬀerent mediums. Therefore, we refer seismic reﬂection
or reﬂection to a horizon deposited in the same time interval. It can be one bed in a
sedimentary sequence.
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High amplitude/strong 
positive reflection
Intermediate amplitude/intermediate 
positive reflection
Low amplitude/weak 
positive reflection
High continuity
High continuity
Low continuity
Intermediate 
continuity
Discontinuity/chaotic
Intermediate 
amplitude/intermediate 
positive reflection
Figure 3.2: The criterion of the reﬂections in the study area. The reﬂection continuity is
addressed in the left side, and the amplitude is in the right side of the seismic illustrations.
The arrows point one seismic reﬂection. The red represents positive reﬂections, while the black
represents negative.
3.2.2 Well Data
The interpretation of the seismic proﬁles was aided by seven exploration wells drilled
on the Halten Terrace (Figure 3.3) for the available stratigraphic data. These seven
exploration wells are integrated with the seismic data for stratigraphic calibration in
the study area (Figure 3.3). Detail information of these seven wells are obtained from
Factpages (2015) (factpages.npd.no/factpages/) and Petrobank/Diskos (Table 3.1).
All wells are located on the Halten Terrace. The oldest penetrations range from the
Upper Triassic (Red Beds and Grey Beds) to the Lower Jurassic (the Åre and Tilje
Formations) (Table 3.2).
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Figure 3.3: 2D seismic lines acquired by TGS and Fugro, and seven local exploration wells
drilled on the Halten Terrace. The green 2D seismic lines are the key lines for the interpretation
procedure, and the pink 2D seismic lines are the additional line for the detail interpretation of
the Base Cretaceous Unconformity. The main area of interest is outlined by the blue polygon.
Modiﬁed from Blystad et al. (1995).
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Table 3.1: Well data from Norwegian Petroleum Directorate (NPD), Factpages (2015) (factpages.npd.no/factpages/) and Petrobank/Diskos. Seven wells
are tied with the regional seismic lines. The well locations can be found in Figure 3.3.
Well names 6406/11-1 6406/3-1 6407/1-3 6406/8-1 6406/3-4 6407/6-3 6407/4-1
NS UTM [M] 7104524.70 7183474.26 7195989.53 7140372.60 7197370.60 7176849.07 7164900.01
EW UTM [M] 383011.32 396410.13 407531.49 376765.25 398030.83 436571.55 411212.79
UTM zone 32 32 32 32 32 32 32
Licence number 156 091 073 131 091 092 106
Drilling operator Saga Petroleum
ASA
Den norske stats
oljeselskap
Den norske stats
oljeselskap
Elf Petroleum
Norge AS
Den norske stats
oljeselskap
Den norske stats
oljeselskap
Den norske stats
oljeselskap
Completion date 18.02.1991 14.08.1984 16.01.1984 11.04.1988 29.12.1987 2.16.1987 15.11.1985
Type Exploration Exploration Exploration Exploration Exploration Exploration Exploration
Discovery Oil Gas shows Oil/Gas Gas shows Oil shows Gas/Condensate Gas/Condensate
KB [m] 26 22 29 27 29 29 22
Water depth [m] 315 256 286 348 295 222 225
TD(MD)[m RKB] 4185 4902 4469 4914 4414 3220 4835
Oldest penetrated age Late Triassic Late Triassic Late Triassic Early Jurassic Early Jurassic Late Triassic Middle Jurassic
Oldest penetrated formation Red Beds Red Beds Grey Beds Åre Fm. Tilje Fm. Åre Fm. Garn Fm.
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Table 3.2: Geological tops of the regional seven exploration wells, data are supplied by Factpages
(2015) (factpages.npd.no/factpages/) and Petrobank/Diskos.
A
ge Group/ 6406/11-1 6406/3-1 6407/1-3 6406/8-1 6406/3-4 6407/6-3 6407/4-1
Formation Top depth
[m RKB]
Top depth
[m RKB]
Top depth
[m RKB]
Top depth
[m RKB]
Top depth
[m RKB]
Top depth
[m RKB]
Top depth
[m RKB]
Te
rt
ia
ry
Nordland
Group
341.0 278.0 315.0 375.0 325.0 251.0 247.0
Naust Fm. 450.0 616.0 375.0 325.0 251.0 247.0
Kai Fm. 1191.0 1450.0 1449.0 1363.0 1514.0 1227.0 1264.5
Hordaland
Group
1397.0 1850.0 1762.0 1994.0 1463.0 1656.0
Brygge
Fm.
1397.0 1850.0 1762.0 1994.0 1463.0 1656.0
Rogaland
Group
2143.0 2279.0 2212.5 2597.0 2314.0 1950.0 2097.5
Tare Fm. 2143.0 2279.0 2212.5 2314.0 1950.0 2097.5
Tang Fm. 2190.0 2347.0 2281.0 2380.0 1977.5 2174.0
C
re
ta
ce
ou
s
Shetland
Group
2335.0 2410.0 2346.0 2752.0 2437.0 2069.0 2264.0
Springar
Fm.
2346.0 2437.0 2069.0
Nise Fm. 2448.0 2655.0 2125.0
Kvitnos
Fm.
2600.0 2974.0 2322.0
Cromer
Knoll
Group
3205.0 3197.0 3103.0 3963.0 3278.0 2414.0 3010.0
Lange Fm. 3963.0 3278.0 3012.0
Lyr Fm. 3884.0 2414.0
Ju
ra
ss
ic
Viking
Group
3419.0 3662.0 3521.0 4099.0 3907.5 2444.5 3710.0
Spekk Fm. 3662.0 3521.0 3907.5 2444.5 3710.0
Melke Fm. 3419.0 3685.0 3544.0 4099.0 3949.0 2451.0 3772.0
Fangst
Group
3522.0 3782.0 3600.0 4265.0 4025.0 2461.0 3889.5
Garn Fm. 3782.0 3600.0 4265.0 4025.0 2461.0 3889.5
Not Fm. 3522.09 3704.0 4120.5 2492.0 3969.0
Ile Fm. 3599.0 3934.0 3741.0 4368.0 4161.5 2547.5 4021.0
Båt Group 3722.0 4012.0 3813.0 4494.0 4224.0 2638.5 4106.0
Ror Fm. 3722.0 4012.0 3813.0 4494.0 4224.0 2638.5 4106.0
Tofte Fm. 3787.0 4272.0 2691.0 4150.0
Ror Fm. 3822.0 4299.0 2698.0 4209.0
Tilje Fm. 3871.0 4177.0 3950.0 4668.0 4372.0 2727.0 4272.5
Åre Fm. 3985.0 4380.0 4150.0 4894.0 2902.0 4472.0
Tr
ia
ss
ic
Grey Beds 4134.0 4758.0 3220.0
Upper
Salts
Red Beds 4194.0 4864.0
Lower
Salts
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3.3 Interpretation Procedure and Methodology
 
Dip line
Strike lin
e
Dip line
Oblique line
Strike line
Figure 3.4: The angle between seismic line and
fault strike is very important for representing the
fault geometry in the cross-sectional geoseismic
proﬁles. The left ﬁgure shows the tectonic sketch
of the fault strike cutting by diﬀerent oriented
seismic lines. The corresponding morphology of
the cross-sections is shown to the right. The
more representative geometry is the one recog-
nized on the line that are perpendicular to the
strike of fault and sediments, as shown in the dip
lines. No scales for ﬁgures. Modiﬁed after Basic
Principle in Tectonics (2015)
The seismic interpretation started with
screening of all the regional MNR 2D
seismic lines (Figure 3.3) in the study
area and a general picture of strati-
graphic framework and structural geome-
tries, thus, can be generated from the ini-
tial concepts. After the full assessment
of data quality, determination of the hori-
zons were made to describe the geology
accurately. The general stratigraphic in-
terpretation was started from two promi-
nent unconformities which are the Base
Cretaceous Unconformity (BCU) and the
Base Cenozoic, due to their chronostrati-
graphic signiﬁcance. In seismic lines, re-
ﬂections of the unconformities were corre-
lated and mapped in the study area by us-
ing the seven available wells and seismic
data (Figure 3.3, Table 3.1 and Table 3.2).
Horizons in the Jurassic sequence were af-
terwards selected for the later fault inter-
pretation on the Halten Terrace. Out of
the lithostratigraphy in the Halten Terrace, the Top Garn Formation and Top Åre For-
mation were preferential due to the good quality of seismic reﬂections. The faults located
in the Halten Terrace were interpreted after these four horizons generated. In this con-
tribution, additional seismic lines from the Kingdom OMNIS Project. These additional
2D seismic lines (Figure 3.3) were used in the detail interpretation of the BCU. The
reﬁning of the BCU from the Halten Terrace to the Rås Basin did the spadework for
generating the time-structure map. In order to analyze reactivation of the Klakk Fault
Complex, conﬁguration and variation of the post-rift sediments, seven horizons in the
Cretaceous were then selected to interpret along the seismic proﬁles: Barremian-Aptian
(?), Intra-Albian, Near Top Albian, Intra Early Coniacian, Top Early Santonian and
Intra Mid-Campanian. The lack of well data in the Rås Basin and obstruction of the
tilted fault blocks result in the indeterminacy of the stratigraphy interpretation on the
basin side. Hence, seven horizons were tied along one seismic line from a regional study
carried out within the Kingdom OMNIS project (Zastrozhnov et al., n.d.).
Attention should be paid that the seismic reﬂection provides indirect time-domain mea-
surements of the subsurface geology, so that the character and position of the reﬂections
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correlated are the responses to impedance contrasts across real geologic boundaries, and
it largely depends on the geometry and properties of the subsurface velocity ﬁeld (Her-
ron and Latimer, 2011). In addition, the low-angle faults were recognized as the seismic
reﬂections that display the fault planes instead of the stratigraphic sequences. Moreover,
the geometry of the reﬂections largely depends on the angle between the proﬁle and the
strike of the faults (Figure 3.4). The more representative geometry is the one recognized
on the lines that are perpendicular to the strike of fault and sediments, i.e. NW-SE
and E-W orientated seismic lines in the study area. Hence, diﬀerent seismic lines may
display a variant geometry for the same fault.
3.4 Seismic Interpretation Problems and Limita-
tions
The interpretation of the Klakk Fault Complex and the faults in the Rås Basin was
diﬃcult to do in the Petrel program, due to the lack of 3D seismic data. The 2D
seismic data used in this study are widely spaced and do not facilitate mapping of faults
accurately. Uncertainty on tracing the same fault in the Klakk Fault Complex also result
in the failure in the fault interpretation in Petrel. By observing the faults in the seismic
lines, it shows that all the main faults along the western margin of the Halten Terrace
and the the faults with large displacement in the Rås Basin appear under the BCU.
The reﬁned BCU time-structure map also reveals that, most of these main faults can
be shown on the BCU time-structure map, where the big time-elevation change took
place. Therefore, the fault polygons (Figure 3.5) were made based on the BCU time-
structure map. It should be noted that, the big change on time-elevation in the BCU
time-structure map does not always follow the fault displacement between the footwall
and hangingwall blocks. Fault types are changing with the variations of the fault strikes
so that the BCU time-structure map may not show the heave of fault. The fault polygon,
therefore, can not only follow the contour lines in the BCU time-structure map, but also
need to be examined in the seismic proﬁles. Conﬁrmation of whether it is the fault
displacement resulting in elevation drop or it is the undulation of the BCU (Figure 3.6).
By combining these two, a more precise fault polygon can be generated and represented
more accurate on the geometry of the main faults in the plan view.
However, the conﬁdence of the fault polygon remains incomplete. The fault polygon
can show the essential strikes and exhibit the heave variation, but it can not precisely
represent them, especially on NW-SE strike. In order to reduce the error, the BCU-edge
surface map was made to combine with the BCU-time structure map identifying the
fault polygon (Figure 3.5).
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Figure 3.5: Comparison between the fault polygon (middle) with BCU-edge surface map (left) and BCU-time structure map (right). The fault polygon was
mainly generated based on the BCU time-structure map to the right side, but a consideration of the cross-sectional geoseismic lines has been taken. The left
one illustrates a general morphology of the study area by the bounding faults of the geological structures. The main fault complex are marked in diﬀerent color
and their names. The solid line represents the footwall, and the dotted line represents the hangingwall, the black cube shows the dipping direction. The fault
escarpment was ﬁlled by the same color means it belongs to the same fault system.
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A non-depth-converted seismic line can not represent the truth of the fault heave and
throw, depth discrepancies, lithology of sediments, compaction and so on can make
diﬀerences on the geometry of the faults when depth-conversion achieved.
Because of the poor quality of the seismic in the deep basin, fault interpretation becomes
more diﬃcult, uncertainties still remain in the deep part. The length of the deepest
geoseismic lines records at 10 s TWT which lead to the limitation to the deep structures
in the study area. No wells drilling at the basin side also enlarge the uncertainties in
the interpretation and correlation of reﬂections.
Furthermore, due to the deﬁciency of stratigraphic correlation in the Rås Basin and
limitation of the reference to the Cretaceous horizons Barremian-Aptian and Intra Albian
mapping on the Halten Terrace, the time-thickness maps of BCU to Barremian-Aptian
and Barremian-Aptian to Intra Albian will not show deposition on the Halten Terrace.
Last but not the least, seismic interpretation alone is not conclusive for the later analysis
of the Klakk Fault Complex and its immediate vicinity. Additional methods are essen-
tially necessary. However, special situation along the Klakk Fault Complex is existed.
For example, for quantifying the growth history of faults, high vertical resolution of the
seismic reﬂection data set is required. Moreover, depth converted T-z plot (throw-depth
plot) has quantity requirement of the corresponding reﬂections at both hangingwall and
footwall fault blocks. In our case, however, the Klakk Fault Complex can only be iden-
tiﬁed by the Base Cretaceous Unconformity cutoﬀs at the fault plane. For analyzing
the segmentation, linkage and throw of faults, Traptester software can approach. It re-
quires at least one horizon cutoﬀ indispensably for the software. Along the Klakk Fault
Complex, while, only the erosion surface of the Base Cretaceous Unconformity can be
identiﬁed. The erosion polygon of graben shoulder along the Klakk Fault Complex map-
ping based on time-thickness map may helps to do analysis of the rotation and uplift,
sediment supply and the isostasy and elastic response to faulting. But in our case, the
lack of pre-Cretaceous stratigraphic correlation in the basin side lead to incapable map-
ping the erosion shoulder in the fault block in the Rås Basin, and widely spacing between
the neighboring 2D seismic lines leads to incapability of mapping the erosion area along
the Klakk Fault Complex. Comparison of the erosion between the block shoulders of
the intrabasin synthetic faults can not be achieved.
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Figure 3.6: Fault dip and geometry are changing with the variations on the fault strike. Seismic lines A-A’ and B-B’ cut through the fault with two opposite
strikes. Seismic line A-A’ shows cross-sectional geometry of the NW-SE orientated fault segment, while seismic line B-B’ shows cross-section of the NE-SW
oriented fault segment. Faults were marked by the red arrows in the seismic proﬁles, which reveal that fault displacement and undulation of the BCU both can
aﬀected on time-elevation change in the time-structure map.
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3.5 Seismic Stratigraphy
Eleven horizons were interpreted from the Halten Terrace in the east to the Rås Basin
in the west (Figure 3.7). The BCU and Cretaceous horizons can be traced from the
Halten Terrace to the Rås Basin, while the Top Åre and Top Garn horizons only can be
traced in the Halten Terrace and the seismic reﬂections stopped at the tilted fault blocks
to the west of Halten Terrace and truncated by the BCU. Barremian-Aptian and Intra
Albian are obstructed by the the Klakk Fault Complex to the east, but can be mapped
to the deep part of the Rås Basin to the west. The lowermost horizon in the Cretaceous
crossing over the Klakk Complex from the Rås Basin to the Halten Terrace is the Near
Top Albian in the north and the Intra Albian in the south of the study area. However,
the continuity of the NTA was also aﬀected by the undulation of the BCU on the Halten
Terrace. The Intra Mid-Turonian, Intra Early Coniacian, Top Early Santonian and Intra
Mid-Campanian horizons were mapped from the Rås Basin to the Halten Terrace. To
the east, these four horizons are stopped at the Trøndelag Platform and the Frøya High.
Two wells tied with key seismic lines which are described in Chapter 3.7. Therefore, these
two seismic lines are selected to exhibit the eleven horizons and the seismic stratigra-
phy, which tied with the well 6407/6-3 and 6407/1-3 on the Halten Terrace respectively
(Figure 3.8 and Figure 3.9).
The seven horizons mapped in the Cretaceous were tied by doing reference to Zastrozhnov
et al. (n.d.) without the calibration of the well-seismic ties in the Rås Basin. In the
basin side, the reﬂections show relative poorer resolution to the southern part of the
study area because of the reﬂection discontinuity.
The Åre Formation (TÅ) comprises alternating sandstones and claystones interbedded
with coals (Dalland et al., 1988). The reﬂection is ca. 4 s TWT across the Halten Terrace.
Similar to the other Jurassic reﬂections, the top of the Åre Formation can be mapped
through the Halten Terrace and stopped at the Klakk Fault Complex bounding at west.
The reﬂection of the Top Åre Formation displays medium to high positive amplitude
which varies through the Halten Terrace.
The Garn Formation (TG) consists of a series of paralic-shallow-marine sandstones (Dal-
land et al., 1988; Elliott et al., 2012; Bell et al., 2014). The Top Garn Formation
in seismic lines is characterized by a high amplitude positive reﬂection, which crosses
through the Halten Terrace from the Trøndelag Platform in the east and bounded by
the Klakk Fault Complex towards west. The reﬂection is ca. 3-4 s TWT underneath
the BCU. Six exploration wells penetrated into the Garn Formation in Jurassic.
The Base Cretaceous Uncomformity (BCU) is a prominent seismic reﬂection for struc-
tural analysis, which separates Jurassic from Cretaceous sediments across the Halten
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Terrace (Bell et al., 2014). However, the BCU is not correlated with any formation
top by stratigraphic calibration in well ties. The uncomformity is displayed as a low-
frequency high-amplitude double reﬂection in the seismic lines (Kyrkjebø et al., 2004)).
The occurrence of onlap, downlap and toplap in the seismic lines was paid attention
to along this unconformity reﬂection. According to Dalland et al. (1988); Elliott et al.
(2012) and Bell et al. (2014), the Spekk and Melke Formations in the Viking Group
are dominated by deep marine mudstone overlain on the sandstone-rich Garn Formation
(Figure 3.7). The BCU, thus, was identiﬁed by the strong negative reﬂection above the
Garn Formation which is a strong positive reﬂection. The BCU is mapped between 3-4
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Figure 3.7: Chronostratigraphic column of the Halten Terrace. Color coding of seismic re-
ﬂections are shown in the Seismic Stratigraphic Framework column, which will be used in all
subsequent ﬁgures. Modiﬁed after Dalland et al. (1988); Tsikalas et al. (2005); Elliott et al.
(2012); Tsikalas et al. (2012) and Bell et al. (2014).
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Figure 3.8: Well 6407/6-3 tied with the seismic proﬁle. Location of well 6407/6-3 can be seen in
Figure 3.3. The horizons presented in diﬀerent colors are tied with the lithostratigraphic column
(Figure 3.7). Abbreviations are used for representing diﬀerent horizons in their corresponding
ages/stages.
s TWT across the Halten Terrace, and variation upper and lower around 4 s TWT at
the Sklinna Ridge. However, the BCU remains undrilled in the Rås Basin, and alterna-
tive interpretations for this surface have been presented (Skogseid and Eldholm, 1989;
Blystad et al., 1995; Swiecicki et al., 1998; Doré et al., 1999; Brekke, 2000; Reemst and
Cloetingh, 2000; Skogseid et al., 2000; Færseth and Lien, 2002). The criteria for inter-
preting the BCU in the Rås Basin is following Færseth and Lien (2002) and Gómez et al.
(2004), which suggest that the lower Cretaceous succession is of post-rift character and
thus it favors a Middle to Late Jurassic timing for the main deformation in this region.
An onlap surface is obviously observed in the eastern basin ﬂank and on the terrace area.
In the Rås Basin, the BCU varies dramatically, which can range from ca. 5.5 s TWT to
9 s TWT in the basin center.
The Barremian-Aptian (BA) was interpreted as an intermediate positive reﬂection, mapped
at ca. 6.5-7.5 s TWT in deep basin and at 5-6.5 s TWT at the tilted fault blocks. The
BA horizon is not continuous at the uplifted footwall fault blocks and the Grip High
in the southern part of the Rås Basin, and it is portrayed of onlap on the fault plane
of the Klakk Fault Complex and the uncomformity of the base Cretaceous. The late
Cretaceous faults cut the reﬂections in the basin side.
The Intra Albian (IA) is characterized by an intermediate positive reﬂection. The reﬂec-
tion is 1 s TWT deeper than the BA reﬂection. Hence, it ranges from 4 s TWT to 5.5 s
TWT at the tilted fault blocks, and ranges from 5.5 s TWT to 6.8 s TWT in the deep
basin. Similarly, onlap is the signiﬁcant character at the Klakk Fault Complex to the
west margin of the Halten Terrace.
The Near Top Albian (NTA) was correlated to a bed in the Lange Formation. The NTA
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is represented by a intermediate positive reﬂection which is relatively continuous, and
is discontinuous at the Grip High at the southern part of the study area. The NTA
reﬂection varies from 4 s TWT to 6 s TWT in the basin side and from 3 s TWT to 4 s
TWT in the terrace side.
The Intra Mid-Turonian (MT) can be mapped from the basin side to the terrace side in
the study area. It is portrayed of a high amplitude negative reﬂection. The reﬂection has
the best resolution and continuity among the seven reﬂections in the Cretaceous post-
rift sedimentary sequences at the northern part, but reduces the quality to the south.
The reﬂection is recorded at 3-3.7 s TWT in the seismic lines throughout the Halten
Terrace and at the tilted fault blocks in the Rås Basin, but reaches 5.5-6.2 s TWT in the
deep basin. The MT horizon separate the Lower Cretaceous from the Upper Cretaceous
deposits in the lithostratigraphy.
The Intra Early Coniacian (EC) is characterized by an intermediate positive reﬂection
to the north and a medium to strong positive reﬂection to the south in the study area.
Reﬂection with a good persistence was cut by the late Cretaceous faults in the basin
side, and on the terrace side, the lateral persistence of the reﬂection reduced but was
not aﬃliated with faults. The horizon stops at the Trøndelag Platform and the Frøya
High.
The Top Early Santonian (ES) was correlated with the near top Kvitnos Formation and
it is characterized by a low amplitude, discontinuous positive reﬂection. In the basin
side, the ﬁll is relatively chaotic at the northern part of study area. In the southern part,
the lateral persistence of the reﬂection becomes even worse both in the basin side and
the terrace side.
The Intra Mid-Campanian (MC) was mapped as the near top Nise Formation in the
lithostratigraphy. The reﬂection quality is similar to the ES which is low amplitude and
discontinuous. To the northern part, the reﬂection is discontinuity in the Rås Basin. It
is recorded at 2-2.5 s TWT in the seismic lines.
The Base Cenozoic (BC) was interpreted as the Top Shetland Group which is a relative
continuous strong to intermediate positive reﬂection throughout the study area. It was
mapped at 1-3 s TWT from the Halten Terrace to the Rås Basin. In the northern part
of the Helland-Hansen Arch, the reﬂection goes to less than 2 s TWT. Seven wells all
penetrated through the Base Cenozoic. At the Helland-Hansen Arch in the Vøring Basin,
the Base Cenozoic is weak in reﬂection.
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Figure 3.9: Well 6407/1-3 tied with one key proﬁle. Location of well 6407/6-3 can be seen in Figure 3.3. Eleven horizons presented in diﬀerent colors are tied
with the lithostratigraphic column (Figure 3.7). Abbreviations are used for representing diﬀerent horizons in their corresponding ages/stages.
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3.6 BCU Time-structure Map
The Klakk Fault Complex separates the Halten Terrace to the east from the Rås Basin
to the west. The fault was generally discussed by Blystad et al. (1995) having N-S strike.
In this section, the geometry of the Klakk Fault Complex will be depicted, and the
adjacent structural elements of the Klakk Fault Complex will be shown both in the 2D
and 3D time-structure maps.
Figure 3.10 demonstrates the time-structure map of the BCU in the 2D window stretches
from ca. 63°400N to ca. 65°300N in latitude and from ca. 4°400E to ca. 8°100E in
longitude, with an depth-related illustration of the study area. The primary variation
of elevation disperses along E-W. In general, the BCU time-structure map shows the
topography that high in the east and descends to the west (Figure 3.11).
The shallowest area is found in the far eastern side on the Trøndelag Platform at ca. 2
s TWT, and the deepest is located in the deep Rås Basin at west, which reaches the
maximum at ca. 9 s TWT. From the highest platform area to the second highest area,
the Halten Terrace occupied a relative large area and with a slightly dip from ca. 3 s
TWT at east to ca. 4.5 s TWT at west. But along the western margin of the Halten
Terrace, elevation time rebounds from ca. 4.5 s TWT to ca. 3.5 s TWT, especially at
the northern part in the orientation of NE-SW. The Klakk Fault Complex divide the
study area into two parts, the basin side to the west and the terrace side to the east
(Figure 3.11). The sharpest fall takes place along the Klakk Fault Complex, from the
Halten Terrace to the sub-terrace, which the elevation time drops to 6-6.5 s TWT. The
sub-terraces, from north to south, vary in width. It can be seen simply and directly from
the 2D time-structure map of the BCU (Figure 3.10) that three rhomboids are located
to the west of the Klakk Fault Complex. The widest rhomboid-shaped sub-terrace is
corresponding to the most curvilinear segment of the Klakk Fault Complex at south,
the smallest one is in the middle part corresponding to the less curvilinear segment.
One phenomenon occurred along the western margin of three rhomboidal sub-terrace,
which along the NE-SW orientated margin, similar elevation time rebound also took
place. The time elevation rebounded slightly to ca. 5 s TWT from 6-6.5 s TWT. The
westernmost in the study area comprises the intrabasinal high and ridge (Figure 3.11).
Generally, except the two obvious shallower time elevation at the Grip High to the south
and the Slettringen Ridge to the north, the basin is deepening towards west until the
deepest part in the western side of the Slettringen Ridge. The basin is divided by the
two high-elevation ridge and high, forming two sub-basins at the both sides. Between
the sub-terrace and the two shallow-time-elevation ridge and high, two roughly NE-SW
orientated accommodation zones can be seen clearly at around 7.5 s TWT. The sub-
basin at the east of the Slettringen Ridge extends NE-SW to the south, but shift to N-S
strike to the north, which shows a similar strike as the Slettringen Ridge from south
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to north. Analogously, the sub-basin at the east side of the Grip High displays similar
strike as the Grip High, which both of them extend in NE-SW direction.
3.7 Structural Outline of Key Proﬁles
Based on the strike of the Klakk Fault Complex and its adjoining structures, three
segments are divided from south to north and the cross-sectional structural outlines of
the segments are illustrated by seven key proﬁles.
 
Figure 3.10: 2D time-structure map of the BCU shows the transition from the platform in
the east to the deep basin in the west. The Klakk Fault Complex divided the study area into
the shallower time elevation terrace and the deeper time elevation basin from east to west. The
Klakk Fault Complex orientates in two directions in general: NW-SE and NE-SW.
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Figure 3.11: 3D time-structure map of the BCU shows a general topography that is high in
the east and descends to the west. The whole area appears to a four-step morphology. From
highest step to the lowest one are the Trøndelag Platform, Halten Terrace, sub-terrace and the
deep Rås Basin. The Klakk Fault Complex divided the study area into two parts, the basin side
and the terrace side to the west and east respectively. The Halten Terrace shows a rhomboidal
shape and the sub-terrace at the downthrown side of the Klakk Fault Complex display analogous
shape as the terrace. To the west the Slettringen Ridge and the Grip High are located in the
basin center with a general strike of NE-SW.
The Klakk Fault Complex mainly comprises two strikes: NE-SW and NW-SE, which
linked as a continuous N-S fault complex. It terminates at Ytreholmen Fault Zone (ca.
65°300N) to the north and to the south, it extends to the Frøya High (ca. 63°50N)
(Blystad et al., 1995). The southern part of the Klakk Fault Complex is not involved
in the study. The study mainly focus on the north, from ca. 63°400N in the SE Vøring
Basin. Based on the plan view, the fault array of the Klakk Fault Complex is com-
posed of two sets of faults. The predominant displacement took place along the NE-SW
orientation. Therefore, the Klakk Fault Complex was divided into three segments (Fig-
ure 3.12). Segment I and II constitute two fault strikes, while Segment III only strikes
NE-SW. Three segments can be visualized in Figure 3.12 which illustrates Segment I
and II as the ideal half-graben geometry in similar polarity. Segment I shows a more
curvilinear morphology on map view when compare with Segment II. Furthermore, Seg-
ment I extends more in length than Segment II. It also illustrates that Segment I and II
are bounded by sub-terraces that displays an obvious rhomboidal geometry.
Each of the segment is represented by two or three seismic proﬁles (Figure 3.13), and all
the proﬁles are dip lines and oblique lines (Figure 3.4) crossing the Klakk Fault Complex.
On account of the ratio between the vertical and horizontal scales in the seismic proﬁle,
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real structural outlines are diﬃcult to show in 1:1 cross-section. Therefore, in order to
understand the more realistic geometry of the faults on the seismic proﬁles, one 1:1 cross-
section was generated to compare with the 1:5 (vertical scale : horizontal scale). From
the Figure 3.14, bordered faults are all portrayed of low angles (< 30°-40°). With depth
increasing, however, the two-way-travel time accelerates. The relationship between the
real depth and two-way-travel time is not following a linear function but a quadratic
formula, or even higher order equation. Therefore, the structural outline in 1:1 cross-
section becomes inevitably inaccurate with depth increasing.
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Figure 3.12: Two red dash lines divided the Klakk Fault Complex into three segments. Segment
I and II show the ideal half-graben on the plan view, and Segment III strikes NE-SW. Three
segments all follow the similar polarity. The fault polygon was drawn based on the time-structure
map of the BCU, and other faults in the study area also were drawn by the fault polygons. N-S
trending faults on the Halten Terrace were draw based on the fault polygon generated in Petrel.
Three separated fault segment polygons are exhibited to the right with the time-structure maps
underneath.
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Figure 3.13: Seven key proﬁles were selected for displaying the cross-sectional morphology of
the Klakk Fault Complex in NW-SE and E-W orientations. Key proﬁle V and VII are tied
with the exploration wells 6407/6-3 and 6407/1-3 respectively (detail information can be seen in
Table 3.1 and Table 3.2). Redrawn from Blystad et al. (1995).
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3.7.1 Segment I
Segment I (Figure 3.12 and Figure 3.15) is located in the southwest Halten Terrace
extended to the Frøya High in western-facing polarity. As mentioned in Chapter 3.7,
southern part of Segment I will not involved for detail analysis. Cross-sections are
demonstrated by Key proﬁles I and II (Figure 3.15). The NE-SW striking fault seg-
ment is represented by Key proﬁle I (Figure 3.16) and NW-SE striking fault segment is
represented by Key proﬁle II (Figure 3.17).
 
Key Profile II
Figure 3.15: Segment I is in the southern part of the Klakk Fault Complex. Fault polygon is
based on the time-structure map of BCU. Key Proﬁle I represents the cross-sectional morphology
of the NW-SE oriented segment of the Klakk Fault Complex.
Key proﬁle I (Figure 3.16) is the dip line (Figure 3.4) cutting through the Klakk Fault
Complex in NE-SW strike, traversing the Frøya High and Rås Basin. The Klakk Fault
Complex is dominated by a west-dipping listric fault separating the Frøya High to the
east from the Rås Basin to the west. This fault has a relative high angle and a short
planar fault locates at east of it. The sub-terrace is constituted by two main tilted huge
fault blocks bounding by two listric normal faults. The Grip High which bounded by
west-dipping faults at west is suited at west of the sub-terrace. These two shallower
structures formed a depocenter in between. The western part of the Grip High is more
aﬀected by listric normal faults. The southernmost of the Slettringen Ridge may be at
the west of the Grip High, which shows a shallower structure. The western ﬂanks of
the normal faults all exhibit an uplift and subjected to the BCU erosion. Some of the
fault blocks have a divergent reﬂections splaying towards the fault planes. The western
margin of the sub-terrace were subjected to exposure until the Intra Albian time. The
Barremian-Aptian and Intra Albian reﬂections are slightly tilted towards west and were
onlap the fault plane of the Klakk Fault Complex. Sedimentary strata were upwarped on
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top of the dip point of the Klakk Fault Complex. In Cretaceous, the sediment successions
display relative uniform features, but at the eastern top of the Grip High, the reﬂections
are slightly folded and the onlap displays a rollover geometry. Smaller fold can be seen at
the western side of the Grip High. The strongest folded reﬂections are Barremian-Aptian
and the Intra Albian, especially between two tilted fault blocks.
Key proﬁle II (Figure 3.17) illustrates a cross-sectional geometry of Segment I that
strikes in NW-SE. The BCU displays a high-amplitude undulation from the Frøya High
at east to the Grip High in the Rås Basin at west in the study area. The Klakk Fault
Complex is bounding the Halten Terrace at the uplifted western margin. The BCU is
displaced slightly by the fault plane, so that, from the Halten Terrace to the Rås Basin,
the Klakk Fault Complex has smaller displacement and the dip angle is higher. With the
signiﬁcant fault dip, big uncertainty exists. To the west of the Klakk Fault Complex, a
horst structure can be observed with deep erosion on the top. On the graben sides, two
depocenters occur. In the deep part of the Rås Basin, the Grip High is bounded by the
westward-dipping fault to the west. During the Barremian-Aptian time, the deposition
only took place in the west graben of the horst. The Intra Albian horizon is relative ﬂat-
lying. The onlaps of the Intra Albian on the Grip High and the Klakk Fault Complex are
diﬀerent from each other. Onlap at the Grip High side is ﬂat towards on the Grip High,
while on the Klakk Fault Complex, it shows a normal drag onlap along the fault plane.
After the Near Top Albian, sedimentary successions drowned the whole terrace and the
basin, and show relative uniform thickness. Horizon Near Top Albian is upwarp at the
top of the Klakk Fault Complex. At the terrace area, the deposition in the Cretaceous
tilted slightly towards west. After the Intra Mid-Turonian, sediments deposited on the
Grip High.
40
QING
HE
 
NW SE
m
s 
TW
T
BC Base Cenozoic
MC Intra Mid-Campanian
ES Top Early Santonian
EC Intra Early Coniacian
MT Intra Mid-Turonian
NTA Near Top Albian
IA Intra Albian
BA Barremian-Aptian (?)
BCU
Base Cretaceous
Unconformity
TG Top Garn
M
id
d
le
TÅ Top Åre
L
o
w
e
r
L
o
w
e
r
U
p
p
e
r
C
re
ta
c
e
o
u
s
J
u
ra
s
s
ic
BCU
NTA
MT
EC
ES
MC
BC
IA
BA
Key Profile  I
K
LA
K
K
 F
A
U
LT
C
O
M
P
LE
X
FR
Ø
YA
 H
IG
H
G
R
IP
 H
IG
H
RÅS BASIN
VØRING BASIN
TR
Ø
N
D
EL
A
G
P
LA
TF
O
R
M
Figure 3.16: Key proﬁle I represents the Segment I with the strike of NE-SW. The structural elements are represented on the top of the seismic line. The yellow
line in the map view at the left bottom shows the coverage of the structural elements by Key proﬁle I. The abbreviation of horizons in diﬀerent ages/stages is
shown in the table with corresponding color codes of the interpreted horizons in the seismic proﬁles.
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Figure 3.17: Key proﬁle II represents the Segment I with the strike of NW-SE. The structural elements are represented on the top of the seismic line. The yellow
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3.7.2 Segment II
Similar half-graben (Rosendahl et al., 1986) is presented by Segment II, which is por-
trayed of a predominate arcuate geometry with the western-facing polarity. From the
plan view (Figure 3.12), the bisections of Segment II seems mirrored along E-W. Nonethe-
less, the southern part striking NE-SW shows a low dip listric geometry dipping towards
the basin (Figure 3.19), while the northern part of the fault which strikes NW-SE reveals
a relative higher dip (Figure 3.20 and Figure 3.21). Figure 3.18 shows that Key proﬁle
III (Figure 3.19), Key proﬁle IV (Figure 3.20) and Key proﬁle V (Figure 3.21) represent
the cross-sectional morphology of Segment II.
 
Key Profile III
Key Profile V
Figure 3.18: Segment II is in the middle part of the Klakk Fault Complex. Fault polygon is
based on the time-structure map of BCU. Key proﬁle III represents the cross-sectional morphol-
ogy of the NE-SW oriented segment of the Klakk Fault Complex, and Key proﬁles IV and V
represent the cross-sectional morphology of the NW-SE oriented segments.
Key proﬁle III (Figure 3.19) illustrates the oblique cross-section (Figure 3.4) of Segment
II (Figure 3.13). Due to the diﬀerence in strike, proﬁle III has distinct structural pattern
from Key proﬁles IV and V. The proﬁle (Figure 3.19) oriented E-W and demonstrates
morphology of the NE-SW striking part of Segment II. From the east to the west, the
Klakk Fault Complex separate the Halten Terrace from the Rås Basin, which shows
an abruptly transition from the stable terrace to the deep basin. The Klakk Fault
Complex is dipping to the basin side with a large displacement. The master fault in
the Klakk Fault Complex is a dominated listric normal fault dipping to the basin side,
located westernmost among the faults. Faults at the back of the master listric fault
are recognized as planar faults with similar dip angles. In the listric normal fault, the
change of vertical displacement (throw) is associated with the rotation of the downthrown
blocks, and the hade increases with the depth. Footwall uplift took place at the Sklinna
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Ridge area, and unconformity exhibited at the top. The BCU primarily displays low-
amplitude undulation in Key Proﬁle III. The uplifted Grip High is located at the west
of the sub-terrace in the Rås Basin. The faults at the east of the Grip High displays the
listric faults with the opposite-dipping antithetic faults. There is no apparent elevation
diﬀerence separates the Grip High from the sub-terrace in the Rås Basin. Sedimentary
successions between Near Top Albian to Top Early Santonian are portrayed of uniform
thickness and parallel reﬂections. On the Halten Terrace. the Lower Cretaceous strata
is much thinner than the Upper Cretaceous, while in the basin side, they are generally
equivalent in thickness.
The northern part of the Klakk Fault Complex which strikes NW-SE is illustrated by
Key Proﬁle IV and V. Key Proﬁle IV (Figure 3.20) shows that, from the terrace to the
deep basin, no big displacement caused by the Klakk Fault Complex is evident. The
western margin of the Halten Terrace is uplifted. From the Halten Terrace to the Rås
Basin, the BCU is ﬂexually transiting. The Klakk Fault Complex is truncated by the
BCU on top displaying a ﬂower structure, and tends to join downwards onto a single
strand in basement at the west of the Halten Terrac. Due to the poor seismic resolution
and the scares of stratigraphic correlation, it does not facilitate mapping the horizons
and deﬁning negative or positive structure. The sub-terrace to the western side of the
Klakk Fault Complex is bounded by four main listric normal faults dipping NW in a
low angle on the western margin. These faults strikes NE-SW which is striking opposite
as the NW-SE orientating Klakk Fault Complex (Figure 3.13). The Slettringen Ridge
is bounded by three listric normal faults dipping westwards. In the Rås Basin, the
Cretaceous sediments were deposited more uniform in thickness in diﬀerent ages/stages.
Horizons younger than Intra Mid-Turonian onlap on the uplifted Sklinna Ridge.
Key Proﬁle V (Figure 3.21) demonstrates similar transition from the terrace side to the
basin side. The Klakk Fault Complex bounding the western margin of the Halten Terrace
appears as a steeper faults dipping east with the antithetic faults dipping opposite. Due
to the poor resolution in the deep part of the seismic lines, the deep extension of the
faults remains unclear. A listric normal fault appears at the western side of the Klakk
Fault Complex, of which the sub-terrace formed between this fault and the Klakk Fault
Complex. Uplift of the western margin of the sub-terrace is exhibited. A depocenter is
located between the sub-terrace and the Slettringen Ridge. Several west-dipping, deep-
seated listric normal faults in the Rås Basin formed the tilted fault blocks. Large wedge-
shaped syn-rift deposits are clear shown in the seismic line. The reﬂections are divergent
towards the fault plane, especially towards the Klakk Fault Complex. Sediments younger
than the Near Top Albian are thicker than the older deposition in the Cretaceous in the
Rås Basin.
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Figure 3.19: Key proﬁle III represents the Segment II with the strike of NE-SW. The structural elements are represented on the top of the seismic line. The
yellow line in the map view at the left bottom shows the coverage of the structural elements by Key proﬁle III. The abbreviation of horizons in diﬀerent ages/stages
is shown in the table with corresponding color codes of the interpreted horizons in the seismic proﬁles.
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Figure 3.20: Key proﬁle IV represents the Segment II with the strike of NW-SE. The structural elements are represented on the top of the seismic line. The
yellow line in the map view at the left bottom shows the coverage of the structural elements by Key proﬁle IV. The abbreviation of horizons in diﬀerent ages/stages
is shown in the table with corresponding color codes of the interpreted horizons in the seismic proﬁles.
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Figure 3.21: Key proﬁle V represents the Segment II with the strike of NW-SE. The structural elements are represented on the top of the seismic line. The
yellow line in the map view at the left bottom shows the coverage of the structural elements by Key proﬁle V. The abbreviation of horizons in diﬀerent ages/stages
is shown in the table with corresponding color codes of the interpreted horizons in the seismic proﬁles.
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3.7.3 Segment III
Segment III is striking NE-SW without typical ideal half-graben geometry (Rosendahl
et al., 1986) in the map view (Figure 3.12), which is distinct from Segments I and II. The
Klakk Fault Complex dips towards NW, bordered along the Sklinna Ridge at west with
biggest throw when compare to other faults in the study area. Key Proﬁle VI and VII
illustrate the cross-sections of the Segment III (Figure 3.22, Figure 3.24 and Figure 3.25).
Two key proﬁles cross the Klakk Fault Complex and have the intersection on the Halten
Terrace.
 
Key Profile VI
Figure 3.22: Segment III is in the northern part of the Klakk Fault Complex. Fault polygon is
based on the time-structure map of BCU. Key Proﬁle VI and VII represent the cross-sectional
morphology of the NE-SW oriented segment of the Klakk Fault Complex.
Key proﬁle VI (Figure 3.24) presents Segment III in strike E-W as the oblique line
(Figure 3.4). On the Halten Terrace, faults are characterized by listric faults dipping to
the west with several antithetic faults in the opposite dip. The Klakk Fault Complex
separates the terrace from the basin, which is portrayed by a listric normal fault as the
outer master fault. This westernmost NW-dipping listric master fault has a lower dip
angle and is deep-seated. Faults at the eastern side of the listric master fault display a
relative more planar character. Footwall uplift is evident at the western margin of the
Halten Terrace and it is truncated by the BCU. Huge displacement occurred from the
terrace to the basin, which the discrepancy of elevation time can reach more than 2 s
TWT. On the terrace side, western margin gives apparent horst structure which was
experienced erosion of the whole Jurassic sediments. Along the downthrown side of the
Klakk Fault Complex, tilted faulted-blocks build a sub-terrace from the Halten Terrace
to the Rås Basin. The planar antithetic faults are cut by the outer master fault system.
At the downthrown side, tilted fault blocks in the Rås Basin are rotated dramatically
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to the center of the Rås Basin. The sub-terrace is bounding by two deep-seated, west-
dipping listric faults to the west. The Slettringen Ridge is comprised of the uplifted
shoulder of a huge tilted fault block. The syn-rift deposits are identiﬁed by clear wedge-
shaped seismic reﬂections. On the terrace area, the BCU is tilted towards west in a
range of 2.5-4 s TWT. Cretaceous reﬂections in the basin area can be found onlaps on
both fault scarps and truncation. The Slettringen Ridge was not buried by sediments,
at least, in the Barremian-Aptian time. On the Klakk Fault Complex, horizon of the
Barremian-Aptian shows an normal drag onlapping the fault zone. Similarly, reﬂection
of Intra Albian also has this appearance.
Key proﬁle VII (Figure 3.25) is a NW-SE orientated seismic line that covers the entire
Halten Terrace and extends to the Rås Basin. It crosses Segment III as a dip line
(Figure 3.4). Well 6407/1-3 was tied to this proﬁle on the Halten Terrace. The Klakk
Fault Complex ranges from ca. 4 s to 9.5 s TWT in the cross-section, which shows a
low-angle listric master normal fault dipping towards NW at the westernmost side of the
Klakk Fault Complex. Eastwards, faults are portrayed of relative more planar character.
The footwall of the Klakk Fault Complex, tilted fault blocks are dramatically eroded in
upper Jurassic formations. The truncation cut through the whole Jurassic formations
at the uplifted shoulder of the footwall severely. The hangingwall fault blocks tilted
towards the Klakk Fault Complex in the Rås Basin, and the upper Jurassic deposits
display a typical wedge shape, divergent seismic lines.
Faults in the tilted fault blocks at west of the Klakk Fault Complex show a listric
geometry, small antithetic faults dipping opposite are existed. Large tilted fault block
formed the Rås Basin to the western side of the Klakk Fault Complex as the hangingwall.
These tilted fault blocks formed a sub-terrace between the stable Halten Terrace and the
basin center. The BCU on the terrace, from SE to NW, shows a gentle dip towards NW,
which consequently have a range in TWT from 3 s to 4 s. On the Sklinna Ridge, the
fault block displays as a narrow saddle riding on the westernmost margin of the Halten
Terrace.
In the basin side, the BCU varies contrarily, which shows a dip towards SE. From the
sub-terrace to the deep Rås Basin, a small tilted fault block against the sub-terrace
below 8 s TWT with the same dipping of the BCU. Here, the deepest depocenter of
the basin generated. The huge thickness of Cretaceous sediments in the basin with a
time-thickness more than 7 s TWT. Cretaceous deposited packages thins towards the
Klakk Fault Complex. Onlaps were found on the fault scarps both on the terrace and
basin sides. Analogically, these onlaps are characterized by normal drag along the Klakk
Fault Complex.
In the deepest basin center of the Vøring Basin, the reﬂections deeper than the horizon
Top Early Santonian and shallower than it in the Cretaceous show variations and sub-
sequently aﬀected the conﬁguration of the sedimentary strata in between. From BCU
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to Early Coniancian, these six reﬂections and the inﬁll packages show a resemblance of
the conﬁguration of the basin ﬂoor. A very thick sedimentary strata exists between the
Early Coniancian and Top Early Santonian, and Top Early Santonian is released reﬂect-
ing basin ﬂoor conﬁguration. Reﬂections and sedimentation pattern shallower than Top
Early Santonian tend to be upwarp.
A zoom-in of the Klakk Fault Complex in Key proﬁle VII (Figure 3.23) illustrates that
the Klakk Fault Complex extended into the Near Top Albian, the tip points made
the horizon upwarped. At the deep part around 6-10 s TWT underneath the Klakk
Fault Complex, an middle amplitude reﬂection is clearly visualized. This reﬂection is
characterized of a NW-dipping low angle undulated band. The Klakk Fault Complex
seated on this reﬂection and merged into this it.
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Figure 3.23: Zoom-in of the Klakk Fault Complex in Key proﬁle VII, the red arrow indicates
the Klakk Fault Complex area. Arrows show the underlain low angle undulated band. Area a.)
is ampliﬁed to illustrate the tip points under the Near Top Albian.
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Figure 3.24: Key proﬁle VI represents the Segment III with the strike of NW-SE. The structural elements are represented on the top of the seismic line. The
yellow line in the map view at the left bottom shows the coverage of the structural elements by Key proﬁle VI. The abbreviation of horizons in diﬀerent ages/stages
is shown in the table with corresponding color codes of the interpreted horizons in the seismic proﬁles.
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Figure 3.25: Key proﬁle VII represents the Segment III with the strike of NW-SE. The structural elements are represented on the top of the seismic line.
The yellow line in the map view at the left bottom shows the coverage of the structural elements by Key proﬁle VII. The abbreviation of horizons in diﬀerent
ages/stages is shown in the table with corresponding color codes of the interpreted horizons in the seismic proﬁles.
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3.7.4 Outline of the Klakk Fault Complex
General description of the key proﬁles shows that the Klakk Fault Complex not only
varies from segment to segment, but also intrinsically diﬀerentiates in two strikes in
the same segment. Two predominate geometries can be observed in the Klakk Fault
Complex. In the NE-SW orientation, a low-angle master listric normal fault exists at
the westernmost with several planar faults at the eastern side of it. The master fault
is characterized by an uplifted footwall with an eroded top and a wedge-shaped syn-rift
sediment package in the hangingwall. Faults all have a western-facing polarity. The Rås
Basin is the result of down-to-the-basin faulting along the Klakk Fault Complex in this
strike. Cretaceous reﬂections onlap along the fault plane being portrayed of normal drag.
The northernmost part of the Klakk Fault Complex in this strike cut though the lower
Albian sedimentary sequence and ceased as the tip points at Near Top Albian.
In the NE-SW strike, the Klakk Fault Complex displays as several high dip-angle faults
with the antithetic faults. The faults displaced slightly and the major faults have an
eastern-facing polarity. One ﬂower structure is exhibited along the transition belt from
the stable terrace to the deep basin. All faults are cut by the BCU on top. From the
Halten Terrace to the Rås Basin, therefore, the BCU ﬂexual morphology dominates this
transition instead of the huge displaced fault plane. Along the NW-SE strike, poor
resolution of the seismic lines leads to uncertainties of the fault interpretation.
3.8 Time-thickness Maps
Time-structure map of the BCU was already introduced in Chapter 3.6, so in this section,
eight time-thickness maps were generated to show the post-rift depositional geometry
and for purpose of ﬁnding evidence of fault reactivation during the Cretaceous time.
Time-thickness maps with the overall description will be performed with the fault poly-
gon based on the BCU time-structure map. As mentioned in Chapter 3.4 that BCU
to Barremian-Aptian time-thickness map and Barremian-Aptian to Intra Albian time-
thickness map on the Halten Terrace have no reference value. Therefore, the main
description will focus on the basin side. The structural elements can be found in Fig-
ure 3.13.
3.8.1 BCU to Barremian-Aptian
The thickness between BCU to Barremian-Aptian in Figure 3.26 represents the deposi-
tions situation at the beginning of the early Cretaceous. The study area was divided by
the Klakk Fault Complex into two parts which are the Rås Basin and the Halten Terrace
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with the surrounding Trøndelag Platform and the Frøya High. Thickest deposition took
place at northwest of the Slettringen Ridge which reaches a time thickness of 2.7 s TWT.
Key proﬁle IV Figure 3.20 and VI (Figure 3.24) also show similar large time thickness
on the western side of the Fles Fault Complex. No deposition took place at the eastern
part where the Halten Terrace, Trøndelag Platform and the Frøya High occupied. It
can be observed that along the fault escarpment of the Klakk Fault Complex, the ﬁrst
deposition occurred in the Cretaceous time onlaps there. The three sub-terrace were not
all buried at this time, only the northernmost one (Key proﬁle VI in Figure 3.24 and
VII in Figure 3.25) fully covered by the Barremian-Aptian sediments. The two southern
sub-terrace show a similar deposition situation which no deposition took place along the
NE-SW striking western margin during this time. Same result is illustrated in the Key
proﬁle I (Figure 3.16) and IV (Figure 3.20). In contrast, thicker sedimentary strata with
time-thickness of ca. 0.9 s TWT accompanied with the NE-SW striking escarpment of
the Klakk Fault Complex to the east, especially can be seen clearly in Key proﬁle I (Fig-
ure 3.16). Meanwhile, the thickness of the whole sedimentary strata on the sub-terraces
increases northwards.
Considerable deposition took place between the sub-terrace and the Grip High and
the Slettringen Ridge. Depocenters existed along the fault escarpments of the faults
bounding the sub-terraces on the west. Time-thickness reaches 1.2-1.5 s TWT at the
hangingwall side, this also shows in Key proﬁles I (Figure 3.16), II (Figure 3.17), VI
(Figure 3.24) and VII (Figure 3.25). Thickness has a gradual decline until reaching 0
s TWT at the Grip High and the Slettringen Ridge to the west. The northern part of
the depocenter also shows a gradient changing on thickness from south to north. The
southern part (north of the Grip High) only has less than 0.3 s TWT, while the northern
part has sedimentary strata of 1.5 s TWT time-thickness. Therefore, a clear depositional
trend is following the orientation of NW-SE.
The Grip High and primarily southern part of the Slettringen Ridge were not buried
during this time. This shows the same result as all key proﬁles covered the Slettringen
Ridge (Figure 3.16, Figure 3.17, Figure 3.19, Figure 3.20, Figure 3.21 and Figure 3.24).
The inﬂection points of the faults bounding to the west of the Slettringen Ridge were
still exposed at this time. Northwest of the Slettringen Ridge, more than 1.8 s TWT
time-thickness sediments ﬁlled this area.
Generally, the whole area was more buried in the north than in the south. The NE-SW
oriented segments in the Klakk Fault Complex accumulated more sediments. The same
orientation, the west margin of the sub-terrace exposed in the southern part and less
sediments deposited in the northern part. The Grip High was exposed during Barremian-
Aptian time.
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3.8.2 Barremian-Aptian to Intra Albian
Time-thickness of Barremian-Aptian to Intra Albian in Figure 3.26, in general, is thin-
ner than in BCU to Barremian-Aptian. Same observation are found in key proﬁles
(Figure 3.16, Figure 3.20, Figure 3.21, Figure 3.24 and Figure 3.25).
The largest depocenter during the Albian time occurred on the sub-terrace instead of the
western side of the sub-terrace in Barremian-Aptian. More than 0.9 s TWT time-thick
sediments accumulated on the southernmost sub-terrace at the scarp of the Klakk Fault
Complex in orientation of NE-SW. Correspondingly, northwest margin deposited not
more than 0.15 s TWT time-thick sediments. This is found also in Key proﬁle I (Fig-
ure 3.16). Same situation can be observed in the middle sub-terrace. The northernmost
sub-terrace was laterally buried by sediments in a relative uniform thickness with around
0.5-0.6 s TWT. Overall, the thickness of the whole sedimentary strata on sub-terrace is
descendant northwards.
Most part of the Slettringen Ridge was buried during this time (Figure 3.20), except the
southern ridge (Figure 3.24). The Grip High was still exposed during this time, which
can be found in the key proﬁles (Figure 3.16, Figure 3.17 and Figure 3.19). Sedimentary
strata with a time-thickness of 0.75-0.9 s TWT accumulated in the area between the
sub-terrace and the Grip High, the Slettringen Ridge.
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BCU to Barremian-Aptian Barremian-Aptian to Intra Albian
Figure 3.26: Time-thickness maps of BCU to Barremian-Aptian to the left, which shows that no deposition took place at the eastern part of the study area.
Thickness map of Barremian-Aptian to Intra Albian to the right shows that the main depocenter occurred along the NE-SW orientated escarpment of the Klakk
Fault Complex. Detail description can be seen in the text.
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3.8.3 Intra Albian to Near Top Albian
Thickness map of Intra Albian to Near Top Albian reveals the deposition situation
at the late Early Cretaceous time (Figure 3.27, left). Whole sedimentary strata is even
thinner than Barremian-Aptian to Intra Albian (Figure 3.26, right). The Halten Terrace
was subjected to subsidence, which the whole area was almost buried with exceptional
area in the southwest and northeast. The Sklinna Ridge at the western margin of the
Halten Terrace experienced exposure on some area at north and south. The average
time-thickness is approximate 0.3 s TWT on the Halten Terrace. Due to the inﬂuence
of the NE-SW oriented faults, the thickness can reach 0.45 s TWT at the scarps of these
faults.
The three sub-terrace were all covered by the sediments, and nonuniform succession from
south to north can be observed on the time-thickness map. In the south, time-thickness
ranges from 0.3 s TWT to 0.45 s TWT, while in the north, more than 0.6 s TWT
time-thickness strata accumulated locally. Shift of the depocenter happened during this
time. Thickest deposition took place between the middle sub-terrace and the south
Slettringen Ridge, in an orientation of NW-SE. Here, the time-thickness reaches more
than 0.9 s TWT. In key proﬁles (Figure 3.16, Figure 3.20, Figure 3.21, Figure 3.24
and Figure 3.25) sedimentary strata between Intra Albian and Near Top Albian varies
laterally in thickness, it appears that more subsidence took place far away in the west of
the sub-terrace. During this time, the Slettringen Ridge was totally covered by sediments,
but the Grip High remained exposed.
3.8.4 Near Top Albian to Intra Mid-Turonian
The right ﬁgure in Figure 3.27 displays the subsidence from Near Top Albian to Intra Mid-
Turonian. The transition from the Lower Cretaceous and Upper Cretaceous occurred in
this succession. As seen from the thickness map, the whole area was buried except the
east bounding platform and high. Time-thickness of sediments on the Halten Terrace
is descendant eastwards, but the average can reach 0.2 s TWT. The northwest margin
deposited thicker which is ca. 0.3 s TWT in time-thickness.
During this time, no obvious gradient change of the strata thickness can be seen on
the sub-terrace. The southernmost one has a time-thickness of 0.4 s TWT, and the
northernmost one is 0.36 s TWT in time-thickness. The middle sub-terrace shows a
relative weaker subsidence with a time-thickness of 0.24 s TWT. Nevertheless, no big
discrepancy of subsidence on the sub-terrace existed. Until the Turonian time, the Grip
High was totally buried by the sediments. Relatively, sedimentary strata deposited in a
relative uniform thickness in the Rås Basin during this time.
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Near Top Albian to Intra Mid-TuronianIntra Albian to Near Top Albian
Figure 3.27: Time-thickness maps of Intra Albian to Near Top Albian to the left, which shows that the average time-thickness is approximate 0.3 s TWT on
the Halten Terrace and sub-terraces were all covered by the sediments with a gradient changing on thickness from south to north. Thickness map of Near Top
Albian to Intra Mid-Turonian to the right shows that the thickness of sediments on the Halten Terrace is descendant eastwards, but the average can reach 0.2 s
TWT. Detail description can be seen in the text.
58
QING HE
3.8.5 Intra Mid-Turonian to Intra Early Coniacian
Thickness map of Intra Mid-Turonian to Intra Early Conianian in Figure 3.28 has a
similar coverage of the study area as it in Near Top Albian to Intra Mid-Turonian.
However, thickness variation changes. On the Halten Terrace, similar gradient change
on thickness took place, but on the sub-terrace, sedimentary strata is thicker (ca. 0.36 s
TWT) on the north and thinner (ca. 0.2 s TWT) on the south. Similarly, on the western
side of the sub-terrace, more than 0.72 s TWT time-thick sediments accumulated at the
east of the Grip High, while only 0.3 s TWT time-thick sediments deposited to the north.
3.8.6 Intra Early Coniacian to Top Early Santonian
From Intra Early Conianian to Top Early Santonian (Figure 3.28, right) the Frøya High
was berried by sediment, left Trøndelag Platform exposed to the east of study area.
Relative thicker sedimentary strata laterally deposited uniform on the Halten Terrace
and the Rås Basin. The whole sedimentary strata reaches an average time-thickness in
0.4 s TWT (range from 0.35 s TWT to 0.45 s TWT).
3.8.7 Top Early Santonian to Intra Mid-Campanian
Thickness map of Top Early Santonian to Intra Mid-Campanian (Figure 3.29, left) shows
that the predominant deposition is still at the northwest. Sedimentary strata becomes
much thinner (not more than 0.15 s TWT) on the Halten Terrace, and even thinner
at the southeast part. The Trøndelag Platform was still unburied. On the sub-terrace,
time-thickness is descendant southwards, so is the distribution of sediments in the deep
basin.
3.8.8 Intra Mid-Campanian to Base Cenozoic
The study area was buried after Intra Mid-Companian (Figure 3.29, right). Time-
thickness is relative equivalent to Top Early Santonian to Intra Mid-Campanian, which
is about 0.15 s TWT. Except the northwest part (around the Slettringen Ridge), the
rest of the study area was deposited by relative uniform sedimentary strata. No obvious
gradient change in strata thickness can be observed during this time.
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Intra Mid-Turonian to Intra Early
Conianian
Intra Early Conianian to Top Early
Santonian
Figure 3.28: Time-thickness maps of Intra Mid-Turonian to Intra Early Coniacian to the left, which shows gradient changes in thickness on the Halten Terrace
and the west-bounding sub-terrace. Thickness map of Intra Early Coniacian to Top Early Santonian to the right shows relative thicker sedimentary strata laterally
deposited uniform on the Halten Terrace and the Rås Basin, which the sedimentary strata reaches an average time-thickness in 0.4 s TWT. Detail description
can be seen in the text.
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Top Early Santonian to Intra Mid-
Campanian
Intra Mid- Companian to Base 
Cenozoic
Figure 3.29: Time-thicknees map of Top Early Santonian to Intra Mid-Campanian to the left demonstrates that the predominant deposition is still at the
northwest. Sedimentary strata becomes much thinner on the Halten Terrace, and even thinner at the southeast part. Thickness map of Intra Mid-Campanian to
Base Cenozoic to the right demonstrates that the time-thickness is about 0.15 s TWT in relative uniform thickness. Detail description can be seen in the text.
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Chapter 4
Discussion
The purpose of this study, as introduced in Chapter 1, is to understand the mechanisms
responsible for the structural geometry observed on the mid-Norwegian continental mar-
gin, particularly the Klakk Fault Complex and its immediate vicinity. In this section,
the results and observations from the seismic interpretation and time-thickness maps in
Chapter 3 will be discussed, emphasizing on (1) structural architecture of extensional
basins; (2) structural inheritance – the role of pre-existing zones of weakness; (3) strike-
slip components; and (4) tectonic evolution – regional implications. Many published
accounts have been done on the structural geometry of the mid-Norwegian continental
shelf, e.g., Bukovics et al. (1984); Gabrielsen (1986); Caselli (1987); Brekke and Riis
(1987); Schmidt (1992a); Knott (1993); Blystad et al. (1995); Lundin and Doré (1997);
Swiecicki et al. (1998); Brekke (2000); Færseth and Lien (2002); Faleide et al. (2008);
Gabrielsen (2010); Faleide et al. (2010); Bell et al. (2014), but the detailed knowledge
about the Klakk Fault Complex and its immediate vicinity is still scarce. These previous
works will be consulted in the discussion to help focusing on the Klakk Fault Complex
analysis, in regards to augmentation and results.
4.1 Extensional Basins
According to many previous works, including Gabrielsen and Doré (1995) and Blystad
et al. (1995), the structural style of the late Middle Jurassic-Early Cretaceous rifting
episode on the continental margin indicates extension and crustal stretching/thinning
as mid-Norwegian driving mechanism. The detail interpretation of the kinematics and
dynamic development, however, is in diﬀerent patterns. This section provides a brief
overview of the perspectives of the extensional basins, which includes the architecture of
extensional basins (Gabrielsen, 1986, 2010) and the associated transfer/accommodation
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zones.
Structural Architectures of Extensional Basins
Many previous works (Bukovics et al., 1984; Gabrielsen, 1986; Brekke and Riis, 1987;
Schmidt, 1992a; Knott, 1993; Blystad et al., 1995; Lundin and Doré, 1997; Swiecicki
et al., 1998; Brekke, 2000; Færseth and Lien, 2002; Faleide et al., 2008; Gabrielsen, 2010;
Faleide et al., 2010; Bell et al., 2014) delineated and suggested that the mid-Norwegian
continental margin experienced a long history of rifting and correspondingly formed a
series of basins with extensional structures during Jurassic to Early Cretaceous time. The
architecture of these rift basins and the basin ﬁll are strongly aﬀected by the displacement
geometry on the bounding normal fault systems (Gibson et al., 1989). The structural
architecture of the rift basin should be examined ﬁrstly. In our case, the Vøring Basin
which constitutes the Bremstein and Vingleia Fault Complexes, Halten Terrace, Sklinna
Ridge, Klakk Fault Complex, the sub-terraces and Rås Basin are supposed to be found
and related to the structural elements in extensional basins.
Gabrielsen (1986) did comparisons of many extensional basins and proposed that these
extensional basins have many architectural elements in common. The principal sketch
(Figure 4.1) of the extensional regime elaborates the development of the structural ele-
ments in rift basin. The platform is characterized by a relative ﬂat tectonic unit which
comprises a few broad, and only slightly tilted structural traps (Gabrielsen, 2010). The
fault system here is active during the early time of the basin development, while when
subsidence accelerated in the inner part of the graben system, it slowed down or be-
came arrested. The marginal platform high usually exists on the basinward side. On
the distal side of the marginal platform high, the sub-platform is delineated as heavily
faulted fault blocks. The outer master fault system separates the platform from the
sub-platform which is delineated by the marginal platform high on its distal side and
the interior graben on the other. It is bounded by the inner marginal fault system to the
graben side. The most profound zones in the rift basin is the inner marginal fault system
together with the extra-marginal fault complex, and the two are likely to be linked along
principal detachment found within the lower crust.
In the study area, similarly, the Halten Terrace shows a relative stable and ﬂat tectonic
unit (Chapter 2.3.2) where the faults were active during the late Middle Jurassic to
Early Cretaceous. According to Brekke (2000), the Halten Terrace as an individual
element was initiated by faulting in the Late Jurassic time and its main subsidence did
not take place until later in Cretaceous time. Thus the Halten Terrace is a relative stable
element which was subjected to tectonic activity in a short period and then experienced
a relative long quiescence time. By comparing the fault system on the Halten Terrace
with the perspective of Gabrielsen (1986), it follows analogously that the faults were
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Figure 4.1: Principal sketch of major structural elements in graben system displays similar
architectural elements in the study area (Gabrielsen, 2010).
active in the Late Jurassic time and arrested by the subsidence later in Cretaceous.
Moreover, the delineated marginal high on the basinward side can be also found on
the Halten Terrace, which is named Sklinna Ridge by Blystad et al. (1995). Therefore,
we deﬁned the Halten Terrace as the platform and the Sklinna Ridge as the marginal
platform high. Instead of using the term sub-platform of Gabrielsen (1986) we prefer
to use sub-terrace for the down-faulted area between the Halten Terrace and the Rås
Basin. The Klakk Fault Complex and the faults bounding the sub-terrace to the west
are the outer master fault system and inner marginal fault system respectively. Similar
structural elements in the study area can be visualized in the 3D sketch graben margin
with main structural elements (Figure 4.2) proposed by Gabrielsen (2010). As mentioned
in Chapter 3.6 that the Klakk Fault Complex has the biggest displacement in NE-SW
strike. Correspondingly, the Halten Terrace and its west-bounding rotated fault blocks
all experienced footwall uplift following the same NE-SW orientation. Along NW-SE
strike, the Klakk Fault Complex exhibits obvious diﬀerent pattern from the northwest-
dipping listric and planar faults in the NE-SW strike. Thus, in NW-SE orientation the
Klakk Fault Complex, at least, was subjected to a diﬀerent deformation mechanism that
generated the small displacement and steeper faults. The extensional trend, therefore,
follows NW-SE orientation, which is in accordance with Graue (1992); Grunnaleite and
Gabrielsen (1995) and Reemst and Cloetingh (2000) that the main direction of extension
during the Middle Jurassic-Early Cretaceous was NW-SE in the northeastern part of the
Møre Basin. Gabrielsen et al. (1999) demonstrated more speciﬁc that the Møre Basin
and Vøring Bsin were estimated to experience the NW-SE orientation extension from
the late Permian-Triassic to Jurassic-early Cretaceous, until inversion took place in the
Tertiary.
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F a u l t
Figure 4.2: Graben margin with its main structural elements in 3D is visualized in the lower ﬁgure proposed by Gabrielsen (2010). Red dash-lined realm (a.))
was found as a high similarity to the structural elements in the study area (BCU time-structure map to the right). Hypothetical structural elements were marked
in left upper ﬁgure a.). Modiﬁed after Gabrielsen (2010).
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According to Gabrielsen (2010), the second-order faults ﬂatten along detachment at
shallower levels than both the primary master faults of the marginal fault complex and
the inner and outer marginal fault system. This is also compatible with Osmundsen
et al. (2002) and Gómez et al. (2004) in the deep structure of the rift margin. As
mentioned in Chapter 3.4, the seismic lines have limited record length so that this de-
tachment does not appear deeper than 10 s TWT. Comparison between the Osmundsen
et al. (2002) and Key proﬁle VII (Figure 3.25) is visualized in Figure 4.4. Geoseismic
cross-section traversing the study area from Osmundsen et al. (2002) demonstrates a
basinward-dipping detachment under the Trøndelag Platform; a deep, antiformal culmi-
nation with crest located at ca. 4.5 s TWT in the vicinity of well 6407/7-1; and the
ramp-ﬂat geometry of the Bremstein-Vingleia Fault Complex (Figure 4.4, lower). In
vicinity of the Klakk Fault Complex, this detachment is deﬁned as a deep-seated reﬂec-
tion band at ca. 10 s TWT (Figure 4.3 and Figure 4.4, upper). To the deep Rås Basin,
it can not be mapped in Key Proﬁle VII.
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Figure 4.3: Deep-seated detachment in vicinity of the Klakk Fault Complex. The reﬂection of
the detachment is recognized by intermediate amplitude marked with red arrows. The second
order faults are ﬂatten along this detachment at shallower levels than the master fault to the
basin side. Triangular rider blocks associated with the Klakk Fault Complex can be observed.
A larger view of the geoseimic proﬁle compared with Osmundsen et al. (2002) can be seen in
Figure 4.4.
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Figure 4.4: Comparison between Key proﬁle VII and the geoseicmic section in Osmundsen et al. (2002) which transverses the Trøndelag Platform, Halten
Terrace and the southern Vøring Basin. Very similar deep detachment can be found in Key proﬁle VII by a deep-seated reﬂector band. The olive-green marks
the probable Permian-Triassic terrain dipping southeast. While uncertainties exist beneath the Trøndelag Platform. Modiﬁed after Osmundsen et al. (2002).
68
QING HE
Furthermore, Gabrielsen (2010) noted that the overall transgression and onlap of the
crestal areas may be expected towards the end of the active stretching stage due to
the overall subsidence of the rifted area. Usually, sediment starvation happens when
subsidence outpaces sediment supply. On a regional scale, the relief may be enhanced
by upheaval of graben shoulders due to isostasy and elastic response to faulting. This
can be seen in our case (Figure 3.25) that the the fault blocks in immediate vicinity
of the deepest depocenter usually are more severe rotated and more signiﬁcant eroded
on the shoulder of the footwall blocks. The erosion polygon of the intrabasin synthetic
fault blocks in the whole study area is not possible to draw which was mentioned in
Chapter 3.4.
Transfer/accommodation zones
The PROBE (Proto-Rifts and Ocean Basin Evolution) model proposed by Rosendahl
et al. (1986) of the ideal half-graben was ﬁrst referred to the structural expressions
of rifting in Lake Tanganyika, Africa. Subsequently, it was applied to North Viking
Graben by Scott and Rosendahl (1989). The linking modes are divided into three families
(Figure 4.5). Based on the plane view of these modes, we infer the family 3 as the
Klakk Fault Complex, especially, the case 7 and 8 can be clearly observed in the study
area (Figure 3.10 and Figure 3.12). This also coincides with the segment division in
Chapter 3.7 (Figure 3.12) that each of the segment follows the similar polarity half-
graben geometry (family 3 in Figure 4.5). A simple fundamental unit of an ideal half-
graben is presented by Segment I (Figure 3.15) and II (Figure 3.18), which shows an
intrinsic geometry of a predominate arcuate bounding fault in map view (Rosendahl
et al., 1986). In this model, the main characteristics of the fundamental unit is the
 
PLAT
PLAT
PLAT
PLAT
PLAT
CASE 1
CASE 2
CASE 3
CASE 4 CASE 5 CASE 6 CASE 7
CASE 8
CASE 9
FAMILY 1 FAMILY  2 FAMILY  3
Overlapping, opposing half graben Nonoverlapping, opposing half graben Similar polarity half graben
Figure 4.5: Possible half-graben linking modes. The mechanical consequence of these geome-
tries are marked in the shade area and abbreviations. INAZ-interference accommodation zones
(marked in blue); ISAZ-isolation accommodation zones (marked in grey); SSAZ-strike-slip ac-
commodation zones; PLAT-platforms. Redrawn from Rosendahl et al. (1986), Rosendahl (1987)
and Scott and Rosendahl (1989).
69
CHAPTER 4. DISCUSSION
arcuate geometry in the view, and it requires listric border fault geometries in cross-
section. Along the ends of the fundamental unit, shear and rotation mandate in turn.
In the Klakk Fault Complex, along the NE-SW strike, the listric border master fault is
present and can be observed in the seismic sections (Chapter 3.7: Figure 3.16, Figure 3.19,
Figure 3.24 and Figure 3.25); along the NW-SE strike, faults become steeper and have
the feature of shearing and may have horizontal displacement to some degree. Two
fundamental units linked as the family 3 mode shown in Figure 4.5.
The linkage between two fundamental units was proposed in more detail by Morley
(1988) and later was improved by Morley et al. (1990) applied to the east African rift
system. These concepts can be utilized in the Klakk Fault Complex and to well explain
the transfer zones. Figure 4.6 illustrates the transfer zone classiﬁcation, the Klakk Fault
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Figure 4.6: Transfer zone classiﬁcation scheme modiﬁed after Morley et al. (1990). Transfer
zones are mainly classiﬁed into three basic types by Morley (1988). Transfer zones can occur
between faults that dip in opposite directions (conjugate, I and II) and in the same direction
(synthetic, III). The complete classiﬁcation divides these three basic type into four subdivisions:
approaching, overlapping, collateral and collinear. In the study area, three subdivisions of the
synthetic fault segment (highlighted in red color) can be observed along the Klakk Fault Complex
and the west-bounding faults of the sub-terraces.
Complex coincides with the classiﬁcation of synthetic class that is highlighted in red
color. The Klakk Fault Complex dips NW in the major faults in all three segments
(Chapter 3.7: Figure 3.16, Figure 3.19, Figure 3.24 and Figure 3.25). Transfer zones
between the master listric faults in the Klakk Fault Complex occur where these two tips
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of the master faults have failed to propagate past each other. From the time-structure
map of the BCU (Figure 4.7), the transfer zones exist in NW-SE strike in the Klakk
Fault Complex and no overlapping can be found between two master faults. Faults evolve
from isolated faults to the interacting faults through the linkage. According to the fault
segmentation and linkage mode in Kim and Sanderson (2005), the linkage relationship in
the Klakk Fault Complex is supposed to belong to the hard-linked segment faults. This
was also demonstrated by Gómez et al. (2004) that the Klakk Fault Complex appears
to be linked on the scale of the map as hard-linked faults. However, when the west-
bounding faults of the sub-terraces are taken into account, overlapping and collateral
relationships are identiﬁed integrating with the Klakk Fault Complex.
 Stage 1:
Segment faults
Stage 2:
Soft-linked 
segment faults
Stage 3:
Hard-linked
Segment faults
Transfer zone
Transfer zone
Figure 4.7: A simpliﬁed sketch of the faults propagation and linkage between each other. Three
master faults are dipping in the same direction which is belong to the synthetic classiﬁcation.
The linkage between the master faults occurs where the tips of two faults failed to overlap each
other.
4.2 Structural Inheritance – the Role of Pre-existing
Zones of Weakness
The lineament pattern in the NE Atlantic margin is dominated by three major sets
(Figure 4.8) which are characterized by a dominant NE-SW lineament, a subordinate
but distinct N-S grain and a more diﬀuse cross-cutting NW-SE set observed through
lineament terminations and oﬀsets (Doré et al., 1997b). Similar fracture patterns on-
shore Norway also be strongly repeated and observed in landsat lineament mapping
(Gabrielsen and Ramberg, 1979).
The NE-SW trend in the study area is highly repeated in the Klakk Fault Complex and
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Figure 4.8: The Klakk Fault Complex is situated east of the Jan Mayen Fracture Zone and northeast of the Møre-Trøndelag Fault Complex. The reactivation
of lineaments are presented in the left ﬁgure, area a.) is ampliﬁed to the right. Figure a.) to the right illustrates the detail of the study area. The dash lines
represented the probable transfer zones which interposed by NE-SW striking faults, creating an overall rhomboidal geometry. Area b.) is ampliﬁed in Figure 4.9,
left. After Doré et al. (1997b) and Færseth and Lien (2002).
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the faults on the terrace and sub-terrace. Especially along the Klakk Fault Complex, the
weakness zones in this orientation are the prototypical representation where the Klakk
Fault Complex generated the maximum displacements and formed the huge northwest-
erly dipping fault blocks. The southeastern-bounding Vingleia Fault Complex and nu-
merous small-scale faults on the Halten Terrace are also expressed in NE-SW trends.
According to Doré et al. (1997b), rifting was refocused on the NE Atlantic margin
(Rattey and Hayward, 1993; Earle et al., 1989), initiating the chain of broad NE-SW
Cretaceous-Cenozoic basins, i.e., Vøring Basin, Møre Basin, Faeroe-Shetland Basin and
Rockall Trough, and overprinting the Jurassic (and earlier) rift network. The NE-SW
grain was emphasized later by the extensional episodes of mid-Cretaceous (probably
Cenomanian) and latest Cretaceous to Palaeocene age. According to Færseth and Lien
(2002), these major NE-SW normal faults are not merely as a result of proximity to
the Atlantic margin, but also to reﬂect the inﬂuence of the prominent NE-SW basement
grain represented by the long-lived Møre-Trøndelag Fault Complex (Figure 4.8, right).
According to Skilbrei and Olesen (2005), in the Trøndelag Platform area, there are a
series of pre-Cretaceous structural highs and lows with a NE-SW grain separated by N-S
structures, which make up eye-with-eye patterns within the Trøndelag Platform and one
major rhomboid feature from the Møre-Trøndelag Fault Complex in the south to the
Vestfjorden Basin in the north (the Trøndelag Platform). Skilbrei and Olesen (2005)
also stated that the principal trend is NE-SW in the Møre and Vøring Basins, except for
the area dominated by N-S grain between 64°N and 65°300N (the area is dominated by
the Halten Terrace). Although the Halten Terrace is trending N-S, the internal grain of
the terrace is still dominated by NE-SW. He postulated that these might be the result
of major faults being superimposed on Devonian extensional collapse structure. While
from the BCU time-structure map (Figure 3.10 and Figure 3.11) in the study area, the
dominated grains are more likely to be NE-SW and NW-SE. The eye-with-eye-patterned
sub-terraces to the west of the Halten Terrace are also constrained by NE-SW and NW-
SE grains.
The N-S trend is suggested widely by the previous work (Blystad et al., 1995; Doré et al.,
1997b, 1999; Pascal and Gabrielsen, 2001; Skilbrei et al., 2002; Osmundsen et al., 2002;
Færseth and Lien, 2002; Skilbrei and Olesen, 2005; Osmundsen and Ebbing, 2008) on
the eastern and western bounding faults of the Halten Terrace. This trend at least can
be dated back to Permian, although it is a regional expression of the Jurassic rifting.
Doré et al. (1997b) regarded that the N-S trending appears to interpose between the
dominant NE-SW lineaments, creating an overall rhomboidal geometry evident and this
suggests that the two fault sets may have a common origin. However, in our study area,
the detailed fault interpretation in the seismic sections transversing the Klakk Fault
Complex and the reﬁned interpretation of the BCU reveal that the western bounding
faults of the Halten Terrace actually varies in segments, mainly following the NE-SW
and NW-SE trends (Chapter 3.7.4). The rhomboidal geometry, therefore, is constrained
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Figure 4.9: The left ﬁgure demonstrates the two main lineaments, modiﬁed after Færseth and Lien (2002). It represents the area b.) in Figure 4.8, a.). Black
dash lines are the suggested NW-SE transfer zones by Færseth and Lien (2002). The right one is the BCU time-structure map of the study area, red dash lines
are the transfer zones interpreted in this thesis. Comparison of the BCU time-structural map of the study area with the NW-SE trending structural inheritance
suggested by Færseth and Lien (2002), a high similarity appears that the sub-terraces bounding by two fault sets which are NW-SE and NE-SW creating the
overall rhomboidal geometry. HT=Halten Terrace, RS=Rås Basin, FH=Frøya High, GH=Grip High, SR=Slettringen Ridge.
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by NE-SW and NW-SE lineaments (Figure 4.8 and Figure 4.9) instead of N-S and
NW-SE lineaments. N-S does not appear to be an important trend in the Klakk Fault
Complex.
The NW-SE “transfer” trend segmented the Mesozoic-Cenozoic basin system (Doré et al.,
1997b), e.g., Jan Mayen Lineament, which is coincident with a main southeastwards
oﬀset of the basin chain, displaces the ocean-continent boundary and extends into one of
the most signiﬁcant transforms in the North Atlantic (Blystad et al., 1995). The transfer
zone is very diﬃcult to assign a basement origin (Doré et al., 1997b). Nevertheless, it
is established in Romer and Bax (1992) that NW-SE feature systems are prominent in
the Precambrian basement as striking faults zone on both sides (south and north) of
the Caledonian orogen. Strömberg (1978); Henkel and Eriksson (1987) noted that the
NW-SE trend in the mid-Norwegian continental shelf has been previously attributed to
Proterozoic shear zone, which coincides with Romer and Bax (1992) that Proterozoic
faults deﬁned basement rocks. While Skilbrei and Olesen (2005) interpreted this trend
as the Devonian detachment or shear zones that can be approximately followed to the
central part of shelf. This detachment zones are connected to detachments in East
Greenland by Olesen et al. (2004). In our study area, the NW-SE striking Klakk Fault
Complex segments are also considered as the transfer zones. The mechanism of these
transfer zones are poorly understood, but referring to the previous published accounts
(Blystad et al., 1995; Doré and Lundin, 1996; Doré et al., 1999; Gabrielsen et al., 1999),
it may be caused by the basement inhomogeneities. As stated by Færseth and Lien
(2002), these NW-SE transfer zones may play an important role since they result in
a well-deﬁned along-strike margin segmentation (Figure 4.8, right and Figure 4.9) and
some of them appear to have had a prolong history of activity and correlate with major
basement inhomogeneities (Blystad et al., 1995; Doré and Lundin, 1996; Doré et al., 1999;
Gabrielsen et al., 1999). Moreover, NW-SE transfer zones are observed as termination
and oﬀset of structural features, changes in fault patterns, and they may have acted as
persistent barrier to rift propagation (Tsikalas et al., 2001).
From the above, the Klakk Fault Complex with predominate NE-SW and NW-SE trends
combined with the west bounding rhomboidal-shaped sub-terraces are most likely to be
the structural inheritance of the basement lineament. It may be the combined eﬀect of
Proterozoic shear zone in the basement and the NW-SE Devonian shear zones, as well
as the NE-SW orientation related to Devonian extensional collapse structure and the
post-Devonian fault activities.
Lineaments do not only exist oﬀshore, similar lineaments were also found onshore Norway
(Gabrielsen and Ramberg, 1979; Gabrielsen et al., 1999; Braathen et al., 2000, 2002;
Osmundsen et al., 2003; Skilbrei and Olesen, 2005). The most conspicuous should be the
Møre-Trøndelag Fault Complex onshore and oﬀshore with the predominate ENE-WSW
structural grain. The Møre-Trøndelag Fault Complex (Figure 4.8 and Figure 4.10) acted
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Figure 4.10: Sketch map of central Scandinavian Caledonides and ﬁgure a.), simpliﬁed tec-
tonic map of Tronheimfjord region where Møre-Trøndelag Fault Complex and Høybakken and
Kollatraumen detachment zones located. HSF=Hitra-Snåsa Fault, VF=Verran fault. Modiﬁed
after Braathen et al. (2000) and Skilbrei and Olesen (2005).
as an crucial role in the Devonian scenario, playing a ductile sinistral shear zone in a de-
veloping transtensional and/or transpressional strain regime in the surrounding regions
(Roberts, 1983; Krabbendam and Dewey, 1998; Osmundsen et al., 1998; Braathen, 1999;
Braathen et al., 2000). In central Norway, a bidirectional, opposed extensional model is
stated by Braathen et al. (2000), which is northeast-southwest stretching axis parallel or
sub-parallel to the Scandian orogen. According to Braathen et al. (2000), this bidirec-
tional and opposed orogen-parallel transport was net eﬀected by the uplift of high-grade
central Norway basement window by tectonic denudation. This NE-SW orientation on
land can be also observed oﬀshore. In oﬀshore areas from the central-east Møre Basin
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to within Central Norway onshore, there is parallelism between the old basement grain
(probably Devonian) and the rift basins (e.g., Rås Basin) and their associated faults
(e.g., Klakk Fault Complex, Vingleia Fault Complex) (Skilbrei and Olesen, 2005).
4.3 Strike-slip Movement
One interesting observation from the time-structure map of the BCU (Figure 3.10 and
Figure 4.9) in the study area is that the rhomboidal shape is highly repeated in the terrace
and sub-terraces. These rhombohedral depressions associated with the Halten Terrace
and the west-bounding sub-terraces are very similar in geometry to pull-apart basins
described by Crowell (1974). The ﬁrst theory about pull-apart basins in dextral/sinistral
settings were suggested by Caselli (1987) and Brekke and Riis (1987). Before Caselli
(1987), the right-lateral shear system was suggested by Gabrielsen and Robinson (1984)
by correlating the fault trends of the Kristiansund-Bodø Fault Complex (64°N - 67°N,
6°E - 12°E, the nomenclature of this fault redeﬁned by Blystad et al. (1995) as the Klakk
Fault Complex (63°50N - 65°300N, 6°E - 6°150E) and Revfallet Fault Complex (65°150N -
66°500N, 7°E - 12°E). with deformation strain ellipsoid for dextral shear system. Caselli
(1987) postulated that the pull-apart basin associated with the Halten Terrace is the
result of dextral slip movements. In the same year, Brekke and Riis (1987) noted that
the rhomboidal shape of the Halten Terrace probably formed as a pull-apart basin in
a sinistral fault system during late Kimmerian deformation. Later, this theory was
supported by Schmidt (1992b) by doing the structural analysis of the Heidrun Field.
However, strike-slip faults are very diﬃcult to detect in seismic sections. In our case,
along the Klakk Fault Complex, the most likely compatible structure we detected is one
interpreted ﬂower structure in Key proﬁle IV, and probably the high-angle faults with
NW-SE strike. But comparing with the larger-scale Kristiansund-Bodø Fault Complex,
including the northern Nordland Ridge postulated by Gabrielsen and Robinson (1984),
the Klakk Fault Complex and the shape of Halten Terrace are not compelling to prove
the horizontal displacement.
4.4 Tectonic Evolution – Regional Implications
The intermittent extension on the mid-Norwegian margin is well documented from post-
Caledonian orogenic collapse in Devonian to post-early Eocene passive margin develop-
ment (Doré et al., 1999; Roberts et al., 1999; Eldholm et al., 2002; Hooper and Walker,
2003; Tsikalas et al., 2012). Discrete rift events during this period have been deﬁned in
Permian-Triassic, Middle-Late Jurassic, earliest Cretaceous, mid-Cretaceous, and Late
Cretaceous-Paleocene times (Figure 2.2) (Blystad et al., 1995; Roberts et al., 1999; Doré
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et al., 1999; Brekke, 2000; Faleide et al., 2008; Gabrielsen, 2010; Faleide et al., 2010;
Tsikalas et al., 2012; Bell et al., 2014). Evidence of these extensional events, in addi-
tion to the Cenozoic compressional events, can be visualized on the seismic proﬁles and
time-structure maps from the Halten Terrace and the Rås Basin.
The Permian-Triassic rift event on the mid-Norwegian continental margin is proposed
by previous work (Ziegler, 1988b; Tsikalas et al., 2012), but it is not easy to resolve on
the eastern part of the Halten Terrace and in the Rås Basin due to the poor seismic
resolution at depth and lack of well penetration. Nevertheless, in key proﬁle VII (Fig-
ure 3.25, Figure 4.4) it is evident on the Trøndelag Platform area and western part of
the Halten Terrace that at around 5 s TWT, W/NW-dipping faults terminates at the
Permian reﬂection. According to Blystad et al. (1995); Pascoe et al. (1999); Withjack
and Callaway (2000); Osmundsen et al. (2002) and Osmundsen and Ebbing (2008), this
Permian-Triassic extensional event can be found in the form of a block-faulted terrain
beneath the Halten Terrace and Froan Basin/Trøndelag Platform as easterly-tilted half-
graben. This terrain is only visible in Key proﬁle VII when comparing with Osmundsen
et al. (2002) (Figure 4.4). It is characterized by Permian deposits with southeast facing
half-graben geometry.
The earliest extensional event conﬁrmed in the Halten Terrace and the Rås Basin is the
late Middle Jurassic-Early Cretaceous rifting, which initiated the Klakk Fault Complex
and relative small-scale faults on the Halten Terrace and in the Rås Basin. The most sig-
niﬁcant displacement took place along the western margin of the Halten Terrace, which
initiated the Halten Terrace as an individual element in the Vøring Basin independently
from the Trøndelag Platform. The typical morphological expression of this extensional
event is the huge tilted fault blocks (Chapter 3.7: Figure 3.16, Figure 3.19, Figure 3.24,
Figure 3.25). Wedge-shaped syn-rift successions reﬂect the timing of the event due to the
restriction of the Lower Cretaceous succession (Chapter 3.7: Figure 3.16, Figure 3.19,
Figure 3.21, Figure 3.24, Figure 3.25), even in the Rås Basin where the seismic qual-
ity degrades with depth. The deﬁnition of the Base Cretaceous Unconformity plays a
decisive role that can tell discrepancies of the fault timing. Skogseid et al. (2000) pos-
tulated that the Base Cretaceous Unconformity does not mark the transition from the
syn-rift to post-rift sediments in the Late Jurassic-Early Cretaceous rift event. However,
alternatives of the deﬁnition of the Base Cretaceous Unconformity is still under debate.
Nøttvedt et al. (1995) suggested the syn- to post-rift transition to be deﬁned as the
point in time when net heat out of the system is greater than net heat into the system.
They argued that the transition coincides with a regional shift in tilt from fault block
rotation away from the graben axis during the syn-rift stage to tilting directed towards
the basin axis during the post-rift stage (Gabrielsen et al., 2001) ( Figure 4.11). This can
be illustrated in the seismic sections in our study area that the syn-rift and the post-rift
sequences have opposite rotations (Chapter 3.7: Figure 3.16, Figure 3.19, Figure 3.24,
Figure 3.25). Therefore, our interpretation on the downthrown side of the Klakk Fault
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Complex can not see the rifting continuation evidently above the Base Cretaceous Un-
conformity. The lack of well penetration in the Rås Basin leads to the uncertainty of the
activity duration of Klakk Fault Complex. The conceptual sections of the syn-rift succes-
sion and post-rift succession, nonetheless, can be well separated by the Base Cretaceous
Unconformity in our interpretation.
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Figure 4.11: Pattern of rotation of sedimentary unites in syn-rift (A) and post-rift (B),
Gabrielsen (2010). Key proﬁle I (C) shows the opposite rotations in syn-rift (red arrows) and
post-rift (blue arrows). Lower Cretaceous strata and Upper Cretaceous strata are marked with
the color codes in Figure 3.7. Seismic section only represent the half of extensional basin (red
dash-lined area).
The Jurassic syn-rift sequence, however, represents only a minor constituent of the half-
graben ﬁll in the study area. The major part of the sediments, which constitutes the
half-graben ﬁll, represents the post-rift stage of basin evolution (Færseth and Lien, 2002).
This huge post-rift sedimentary sequence may reveal a period characterized by tectonic
quiescence according to Færseth and Lien (2002). On the other hand, an Early Cre-
taceous rift event on the NE Atlantic margins is postulated by many previous works
(Lundin and Doré, 1997; Doré et al., 1999; Tsikalas et al., 2001; Ren et al., 2003) after it
was ﬁrst constrained onshore East Greenland (Surlyk et al., 1981; Surlyk, 1990; Whitham
et al., 1999). The biostratigraphical data from the Vøring margin indicate a change from
neritic to bathyal conditions and increase in sediment accommodation space in the Ap-
tian–Albian, attributed to eustatic sea-level rise and regional tectonism (Gabrielsen et al.,
1999; Tsikalas et al., 2005, 2012). Blystad et al. (1995) have stated that the Klakk Fault
Complex was probably reactivated in extensional faulting in the Aptian/Albian. We
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mapped three horizons during this time interval: Barremian-Aptian(?), Intra Albian
and Near Top Albian. From the ﬁrst six seismic sections (Chapter 3.7: Figure 3.16,
Figure 3.17, Figure 3.19, Figure 3.20, Figure 3.21, Figure 3.24), no reﬂection evidence
shows reactivation of the Klakk Fault Complex during this time. Reﬂections in this time
interval are portrayed of passive inﬁlling feature. At the southern part of the Klakk Fault
Complex, reﬂections show compressional features (Figure 3.16, Figure 3.19) during this
time, which may indicate the later inversion associated with intra-plate shortening that
took place in the southeastern Vøring Basin and northeastern Møre Basin. From time-
thickness maps, the thickness variation along the Klakk Fault Complex can only be
observed in the BCU to Barremian-Aptian time-thickness map and Barremian-Aptian
to Intra Albian time-thickness map (Chapter 3.8: Figure 3.26), in which deposition is
more signiﬁcant in immediate vicinity of the escarpment of the Klakk Fault Complex
along the NE-SW orientation. However, the seismic sections (Figure 3.16, Figure 3.24) il-
lustrated that this is predominantly caused by the hangingwall tilting, which fault scarp
has relative more accommodation. There is no reverse drag onlap and wedge-shaped
package which can indicate the fault growing in the late Early Cretaceous. Nonetheless,
limitation of data set is one restricted condition to date the fault activity associated with
this important tectonic phase during Aptian-Albian.
However, a conspicuous diﬀerence is visualized in Figure 3.25, which also was mentioned
in Chapter 3.7.3 (Figure 3.23) that the Klakk Fault Complex extended into the sedimen-
tary sequence above the Base Cretaceous Unconformity, and the reﬂection of Near Top
Albian was upwarp above the tip points of the Klakk Fault Complex (Figure 4.12). This
may reveal that the Klakk Fault Complex was reactivated at the end of Albian time,
but this activity did not happen ﬁercely nor last long. It has been suggested by Brekke
(2000); Olesen et al. (2002) and Skilbrei and Olesen (2005) that in the Vøring Basin and
perhaps in the Vestfjorden and Ribban basinal area (at north of the Trøndelag Platform),
it is likely that a Cretaceous rifting event existed. In addition, referring to the North
Atlantic Rift System which experienced an important tectonic phase in Aptian–Albian
time related to crustal break-up and sea ﬂoor spreading further south in the Atlantic
(Ziegler, 1988a, 1992). It is most likely that this activity aﬀected the northernmost part
of the study area. The Klakk Fault Complex only activated during the end of Albian at
the northernmost, but the rest of the study area remained in tectonic quiescence.
After Albian time, the time-thickness maps (Figure 3.26, Figure 3.27, Figure 3.28) show
more relative uniform deposition on thickness along the Klakk Fault Complex. Cre-
taceous successions show intervals with uniform thickness as well as intervals that are
wedge-shaped on the Halten Terrace. Figure 3.19 and Figure 3.20 also illustrate that,
at the base or within lower Cretaceous wedge-shaped bodies, the Cretaceous reﬂections
show onlap towards fault block crests as well as fault scarps of the Klakk Fault Com-
plex. Time-thickness maps from Intra Early Conianian to Base Cenozoic (Figure 3.28,
left; Figure 3.29) demonstrate a succession with uniform thickness from post-rift time
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Figure 4.12: The Klakk Fault Complex might grow in late Albian time, the tip points of the
faults made the Near Top Albian upwarp. Horizons Near Top Albian Intra Mid-Turonian are
cut by the younger faults.
in the Late Cretaceous. These relative uniform successions are characterized by parallel
reﬂections.
However, in Key proﬁle VII (Figure 4.13), reﬂections show a contrast conﬁguration in
the deep Vøring Basin center (at the Helland-Hansen Arch area). Figure 4.13 illustrates
that the the post-rift sequences K10-50 were still inﬂuenced by the basin topography of
the late stage of the syn-rift. According to Gabrielsen et al. (2001), the earliest stage of
the post-rift development invokes amalgamation of sub-basins and smoothening of the
basin ﬂoor. These sequences, therefore, may have experienced the incipient (or middle)
stage of post-rift. From sequence K60, it generally heralds the vanishing inﬂuence of the
syn-rift structural pattern, which becomes drowned in a sediment package of increasing
thickness. In sequences K70 and K80, the syn-rift structural pattern becomes leveled and
it almost has no inﬂuence of the syn-rift structural pattern. According to Færseth and
Lien (2002), this depositional pattern to reﬂect inﬁlling of earlier rift topography during
period which were characterized by relatively high sedimentation rate. This coincides
with Prosser (1993) in the interpretation of parallel reﬂections in a late post-rift inﬁll
which reveal a more continuous nature than the early post-rift succession. Færseth and
Lien (2002) interpreted that the reﬂections in the Early Cretaceous remained signiﬁcant
morphological escarpments on the basin ﬂoor and inﬂuenced sedimentation for a consid-
erable time after the cessation of rifting subsidence due to the low rate of sedimentation.
During the Early Cretaceous, the subsidence rate outpaced the sedimentation rate, at
least at the distal part of the Early Cretaceous depositional system, as the thermal subsi-
dence has highest rate during the ﬁrst tens of million years and decreases asympotically
with time (McKenzie, 1978). The reﬂections in the seismic section (Figure 4.13) shows
that from Top Early Santonian (the accurate one is supposed to occur in sequence K60),
the topographic relief was levelled as a result of the increased sediments supply outpac-
ing the subsidence rate. Gabrielsen et al. (2001) postulated that the deﬁnition of mature
stage of the post-rift basin development is reached when thermal equilibrium is obtained,
and ﬁnal shape will be that of a wide, saucer-shaped basin. Thus, it seems most likely
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that in sequences K70 and K80, the sedimentary strata are characterized by the mature
stage of the post-rift.
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Figure 4.13: Lithostratigraphic column for the Cretaceous of the study area. The notations for
the Cretaceous sequences (K10 to K80) as used in the present work are correlated to the formal
stratigraphical nomenclature suggested by Færseth and Lien (2002).
At the onset of the Campanian rifting, the area between Norway and Greenland was an
epicontinental sea covering a region in which the crust had been extensively attenuated
by previous rift events (Tsikalas et al., 2005). This rift episode ended up in continental
separation in the North Atlantic region and Norwegian Sea in earliest Eocene. However,
in our study area, the Campanian rifting event is diﬃcult to detect.
The most conspicuous structure associated with the event in Cenozoic is the contractional
deformation which is visualized as the large anticlines and small local folds (Figure 4.14).
Contractional structures have been reported from the Vøring Basin and northern Møre
Basin of the mid-Norwegian continental shelf (Gabrielsen and Robinson, 1984; Brekke
and Riis, 1987; Grunnaleite and Gabrielsen, 1995; Doré and Lundin, 1996). Although the
mechanism of the arch is highly debated, contractional deformation is more reasonable
in our case. Figure 4.14 demonstrates the anticlines at least formed after Cretaceous
due to the upwarped Base Cenozoic horizon. Asymmetric folds appear between the
pre-Cretaceous tilted fault blocks. Large anticlines formed Horizons in Cenozoic are not
mapped in this study. Therefor, the accurate time in Cenozoic for initiating the inversion
is unknown. According to Bøen et al. (1984) and Blystad et al. (1995), these anticlines
(or domes in 3D view) in the Vøring Basin developed in the the compressional regime
during Palaeocene-Eocene and Late Miocene.
We have drawn the relative symmetrical anticlines in the study area with the asymmet-
rical underlain ridge and high in the same polygon (Figure 4.15), and it shows that the
Fles Fault Complex, Slettringen Ridge and Grip High are situated at the west of the
anticlines, the anticlines are constrained by the Fles Fault Complex which is the west-
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Figure 4.14: Seismic section illustrates the anticlines. Two anticlines are shown in the ﬁgure
and their axial surface traces are marked in the red dash lines. The axial traces imply these
anticline may generated in the same time interval.
bounding fault of the Slettringen Ridge in the north, and the southern anticline in the
study area follows the same trend as Grip High in the northern part. This is stated by
Vågnes et al. (1998) that the faults beneath the Helland-Hansen Arch are subordinate
to the crustal-scale N-S trending Klakk Fault Complex which deﬁnes the eastern margin
of the Vøring and Møre Basin. The inversion direction is only recorded in the southwest-
ern Barents Sea in SE-directed compression (Gabrielsen et al., 1992, 1997), but it seems
incompatible in our study area.
Based on the tectonic evolution in the study area, a new chronostratigraphy with the
local tectonism can be constructed (Figure 4.16)
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Figure 4.15: Based on the time-structure maps of the BCU and Base Cenozoic, the trend of the Slettringen Ridge, Grip High and the Helland-Hansen Arch
are drawn with the faults polygon in the study area. The relationship between the Middle Jurassic-Early Cretaceous faults with the Late Cretaceous-Cenozoic
anticline can be visualized. Discussion see text.
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Figure 4.16: Chronostratigraphy with the local tectonism and the localities in the study area.
Modiﬁed after Dalland et al. (1988); Tsikalas et al. (2005); Elliott et al. (2012); Tsikalas et al.
(2012) and Bell et al. (2014).
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Conclusions
The approach of this study, mainly utilizing the seismic data, has limitations on inter-
preting the Klakk Fault Complex. The essential geometry, strikes and fault patterns,
however, can be demonstrated in the seismic sections and BCU time-structure map. It
has shown some discrepancies from the previous deﬁnitions of the Klakk Fault Complex,
and the transition from the Halten Terrace to the Rås Basin has challenged some tra-
ditional maps. The Klakk Fault Complex strikes in two main orientations which are
NE-SW and NW-SE. The N-S strike is not evident in our interpretation. The NE-SW
orientation segments have the most signiﬁcant displacement and lower dip angle, while
the NW-SE orientation segments have smaller displacement and higher dip angle. The
NE-SW-trending faults in the Klakk Fault Complex are portrayed by the outer listric
normal faults and the relative more planar synthetic faults at their backs. All the faults
with NE-SW strike have the same west-facing polarity. The transition from the Hal-
ten Terrace to the Rås Basin can be represented by the displaced fault planes. On
the contrary, some of the faults in NW-SE strike have an east-facing polarity and are
slightly tilted towards the basin side. The transition from the Halten Terrace to the
Rås Basin in NW-SE-striking segments is based on the base Cretaceous level and its
ﬂexure. This reveals that the traditional maps illustrating the Rås Basin as the result of
the down-to-the-basin faulting along the Klakk Fault Complex do not indicate the true
nature.
The Klakk Fault Complex, integrated with the west-bounding faults of the rhomboidal-
shaped sub-terraces, are all dominated by NE-SW and NW-SE trends. It is most likely to
be the structural inheritance of the basement lineaments which have been inﬂuenced by
the combined eﬀect of Proterozoic shear zone in the basement and the NW-SE Devonian
shear zones, as well as the NE-SW orientation related to Devonian extensional collapse
structure and the post-Devonian fault activities. Therefore, the old deﬁnition of the
Klakk Fault Complex characterized by a N-S trend dating back to the Permian can not
87
CHAPTER 5. CONCLUSIONS
accurately reveal the structural inheritance of the basement grain set.
The Permian-Triassic extensional event can be observed underneath the Halten Terrace
and the Froan Basin/Trøndelag Platform, which is characterized by an easterly-tilted
block-faulted terrain. The Klakk Fault Complex was initiated during the late Middle
Jurassic – Early Cretaceous rifting event on the mid-Norwegian margin, and the Halten
Terrace was separated from the Trøndelag Platform as an individual structural element
in the Vøring Basin. The recorded reactivation of the Klakk Fault Complex in Aptian-
Albian times from the previous works is not widely detected in the study area, except
in the northernmost part of the study area which may be attributed to the late Albian
rifting event due to the blind faults beneath the Near Top Albian. The Campanian
rifting event, which was prominent in western parts of the Vøring Basin, is not evident
in our interpretation.
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